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PREFACE 


Our proposal submitted to NASA in April of 1971 noted that: 

The petroleum industry in this country must find some means 
of arresting the deteriorating cost/success ratio of 
domestic petroleum exploration. We believed that petroleum 
exploration could be improved by new financially efficient 
exploration procedures, and that orbital imagery may 
constitute one of these. 

The results of our ERTS experiment (Collins e_t a_l_. , 1 974) 
and of this study indicate that this intuitive postulate 
is true, even for relatively well explored areas such as 
the Anadarko Basin, and it is particularly true for the 
less explored areas of this country and relatively unex- 
plored areas abroad. 

This need for newy more cost-effective techniques is 
particularly important at present. Our proposal also 
noted that: 

"Numerous governmental commissions and agencies as 
well as oil and gas industry associations have 
recently spotlighted the fact that the nation is 
now in (and faces in the forseeable future) an 
energy shortage of serious dimensions. Salient 
facts and considerations are: 

Gas distribution companies have long lists of 
customers waiting for new connections; 

Many industrial or utility plants face problems 
of converting from gas to coal or oil with all 
the attendant pollution and ecological problems; 

Importation of crude oil and liquid natural gas 
is on and will be on the upswing -- the nation 
is dependent on foreign supply; 

Prices for oil and gas at all levelsof distri- 
bution are rising (both foreign and domestic) 
thus bringing more fuel to the furnace of 
inflation; 

Domestic inland exploratory spending and drill- 
ing activity are at a record low level since 
Worl d War 1 1 ; 

Domestic oil and gas reserves are declining 
despite substantial increases in demand; and. 


The nuclear power industry has not expanded at 
the rates predicted for earlier forecasts 
because of public opposition." 

Except for tha fifth condition, the present situation is 
essentially as noted in 1971. The need for increased 
effectiveness in domestic petroleum exploration was urgent 
at the time we submitted the proposal and has become even 
more so consequent to the OPEC actions of the past three 
years . 

A thoughtful appraisal of this situation can only lead 
to the conclusion that every aspect of new technology 
applicable to petroleum exploration must be exhaustively 
tested in order to: 

Optimize technical efforts using customary tools 
by rapidly focusing exploration attention on 
the most promising areas; 

Reduce the time needed for exploration; 

Maximize the cost savings through both of these. 

In the months since the launchings of ERTS-1 (now Landsat) 
and Skylab, data from earth satellites have earned a 
place among more conventional exploration methods. The 
substantial sums of money, time and manpower already in- 
vested in satellite data by explorationists, research 
organizations, schools and universities, government 
agencies, planners, and casual users attest to their 
high expectations of such data. Indeed, many have already 
shown significant results. It only remains to draw upon 
these few years of experience and to optimize orbital 
earth resources programs in order to fulfill many of 
these expectations. Then orbital remote sensing can 
truly become an effective standard exploration tool. 
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INTRODUCTION 


Obj ecti yes 

The objectives of this study are to: 

1. Evaluate the ability of Skylab imagery to contribute 
to an understanding of the geology of the Anadarko 
Basin -- particularly to contribute to our understand- 
ing of the tectonic history of that basin as it relates 
to hypotheses for oil and gas exploration; 

2. Assess the realistic costs of using these data; 

3. Assess the value of this imagery as one of the 
specialized analytical techniques available to small 
and middle-sized oil exploration companies; 

4. Determine the types and amounts of information of 
value to petroleum exploration that can be extracted 
from Skylab data; 

5. Determine the best data products, methods, and 
techniques to use to extract this information; 

6. Determine the costs of acquiring and using these 
data for petroleum exploration relative to the costs 
of obtaining similar information using conventional 
means; and, 

7. Compare the results from Skylab with those from our 
ERTS study of the same area. 

In particular we wanted to determine the ability of Skylab 
data to delineate major structural features and to test 
Skylab as a reconnaissance exploration tool in a geologically 
well known area in order to assess its usefulness in an 
unknown area. We did not set out to find oil in the 
Anadarko Basin, but rather have used it as a geologically 
well known area in which to test a new exploration tool. 

Background 

Skylab Orbital Missions: 

Pete Conrad, Joe Kerwin, Paul Weitzf The first skylab crew 
confirmed man can live, work and repair a crippled ship 
in space. Their mission, Skylab-2, lasted 26 days, from 
Nby 26 , 1 973 to June 19. 

A1 Bean, Owen Garriott, Jack Lousraa: The Skylab-3 mission 


lasted more than 59 days, from July 28, 1973 to September 25 
In addition to many earth resources passes, this crew 
accomplished amazing repairs, one EVA lasting th hours. 
Arabella the spider stole the publicity. 

Gerald Carr, Ed Gibson, Bill Pogue: An endurance record 

of 84 days in space was started on November 16, 1973 by 
the crew of Skylab-=-4. This crew also accomplished a 6h 
hour EVA, studied Comet Kohoutek and put the Skylab into 
mothballs on February 8, 1974. 

The unmanned Saturn Workshop was launched as Skylab-1 on 
May 14, 1973. It is still in orbit. 

The Earth Resources studies were carried out at an altitude 
of about 450 km (280 mi). The orbit is inclined at 50® 
to the earth's poles, thereby covering the earth between 
50® north and 50® south latitude. The period is about 93 
minutes and each orbital track is repeated every 5 days. 

Anadarko Basin Test Site: 

This Skylab study (NASA project S495) evaluates imagery 
of the Anadarko Basin (test site 333) and studies its 
applicability to hydrocarbon exploration. It was funded 
entirely by Eason Oil Company of Oklahoma City. 

The Anadarko Basin lies in western Oklahoma and the Pan- 
handle of Texas. It is an area that has been extensively 
explored for petroleum for more than 50 years. 

We relied primarily on standard image i nterpretati on 
techniques, and applied these techniques to black-and- 
white, color, and color composite products in transparency 
and positive print forms. Scales varied f rom 1 : 1 ,000 ,000 
through 1:100,000. In addition to this work, we evaluated 
several enhancement techniques and digital data manipulation 
techniques. 

Throughout the study we integrated the Skylab data with 
field work, published reports, Landsat (ERTS) imagery, 
and mul tiband-mul ti sensor data collected by aircraft. The 
latter data were provided by NASA and were collected in 
support of our ERTS and Skylab studies and for several 
other studies. 

Remarks 

Earth Resources Programs to Date: 

The greatest problems for geological studies from Skylab 
originated from the limited nature of the program and the 
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irregularly scheduled EREP passes along with the multi- 
discipline experimental program. Inspite of five success- 
ful passes over our study site, we do not have a complete 
set of imagery either from a single pass or in combination 
from several passes. This situation arises because of: 

1 ): orbital constraints (a small part of the area could not 
have been covered except by an orbit shift); 2) persistent 
and recurring clouds and snow; 3) pre-emption because of 
mechanical problems (the ideal day for our site was re- 
scheduled for a practice run of the EVA to emplace the 
portable sun shield); and 4) pre-emption by other studies 
dependent on transient phenomena such as solar flares. 

These constraints on Skylab give Landsat an advantage in 
that its program and orbital parameters almost guarantee 
100% repetitive coverage with fairly consistent quality 
of almost the entire earth. Skylab gave us a chance to 
view the earth from a new vantage point by means of new 
applications of several sensing devices. However, the 
imagery in essence simply added to a library of airborne 
imagery of variable kinds, scales, quality and locations. 

Skylab-like data are desirable. A program designed to 
provide full time to earth resources observations, with 
repetitive coverage and data of consistent quality is a 
must. 

It must also be emphasized here that Skylab had the 
distinct advantage of being manned. Were it not for the 
repairs and changes made by the flight crews, there would 
have been no EREP passes. 

This Study: 

Landsat is the current NASA designation for the original 
ERTS satellites. In this report "Landsat" will be used 
when referring to the actual ERTS-1 satellite or data 
produced by it. However, when reference is made to a 
study that was done under the early ERTS name, the acronym 
ERTS will be used to avoid confusion because all references 
to the satellite were made by that name when the work was 
done. Many papers published on early work have ERTS as 
a key word in the title. 

It should also be noted that in many sections of this 
report data and information on Landsat will be interwoven 
with the results of our Skylab study. This is not intended 
to give Skylab results in terms of Landsat studies, but 
is a convenience for presenting Skylab results and at the 
same time comparing them to Landsat. 
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Summary of Results 


Skylab data (S190A and B photos in particular) are 
exceedingly valuable for obtaining a rapid geologic 
assessment of large areas and for relatively detailed 
study of specific areas of interest. Skylab data provide 
a host of information on regional lithologic and structural 
relationships, and quickly draw attention to anomalous 
features and areas that are of greatest interest to 
petroleum exploration. Such features include major 
fracture trends and several types of anomalies. 

The data enable one to confirm, refine or modify existing 
interpretations, and supply a certain amount of new 
information , particularly about regional relationships. 
Perhaps most important of all, Skylab gives one a new 
perspective for looking at the earth and raises many new 
questions that serve as a basis for additional inquiry. 

The data have caused us to begin a reappraisal of the 
conventional model of the Anadarko Basin. 

Skylab, like any other data source, does not answer all 
questions but rather is a starting point for regional 
explorations and a means of improving on interpretations 
made from Landsat data. In order for information derived 
from Skylab data to be useful in petroleum exploration, 
it must be integrated effectively with a wide variety of 
other types of data and included within the structure of 
a rational exploration strategy. 

At the very least, the advantages of Skylab data may be 
obtained at little or no extra cost to a conventional 
exploration program. At the other extreme, benefits may 
range up to 40% cost savings in an exploration program. 
Advantages gained by using Skylab data in decision-making 
and time savings are among the many additional intangible 
and incalculable advantages. 

Landsat MSS images are superior to S192 images because 
of better resolution and lower noise content. Lithologic 
interpretations may be made accurately from MSS and S192. 
The MSS permits more rapid delineation than SI 92, but 
$192 has the advantage of many narrow bands. Bands 2 
through 5 of S192 are best for rapid delineation of major 
rock units. Bands 6 through 12 show significantly more 
detail, parti cularly topographi c or geomorphic detail. 

All bands haveahighnoisecon tent. 

S190A and S190B photos are superior to S192 data for most 
geologic purposes. The normal color and the red band of 
S190A are the most useful of the six bands. Color prints 
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made from S190B at 1:250,000 or larger are the best among 
all the imaging sensors for geologic studies. Large 
scale S190B photos are superior to high altitude airphoto 
mosaics in situations where very high resolution is not 
cri ti cal . 

Linears interpreted from Skylab are similar in azimuths 
to Landsat linears. They relate well to joints and sub- 
surface faults but are not diagnostic of these features. 
Some known surface faults were mapped and several previous- 
ly unknown faults were inferred from Skylab, something 
that was not done from Landsat. Field studies show that 
many long linears are associated with disturbed zones in 
surface rock exposures. Anomalies are fewer but less 
ambiguous than similar anomalies from Landsat. Fifteen 
known Landsat anomalies were confirmed by Skylab. 

Completely closed subcircular anomalies and tonal anomalies 
show the highest correlation to known hydrocarbon features. 
Lithologic i nterpretat i ons from Skylab are generally 
accurate but do not always match exactly published inter- 
pretations. Most important, Skylab images show areas 
where remapping may be desirable. We recommend remapping 
of the Pliocene Ogallala, certain Pleistocene sand units 
and part of the Permian Hennessey-Wellington contact in 
southern Oklahoma. 

Discussions with other investigators lead us to the 
decision not to use the digital tapes of S193 data. The 
results of computer manipulation of S192 data were dis- 
appointing, particularly when compared to the photographic 
products. The spectral resolution of the S192 scanner 
could lead to sophisticated differentiation of surface 
composition units. However, the high noise content of 
the tapes and the level of effort required to use them 
together with the nature of our study lead us to conclude 
that computer manipulation of S192 data is not time- or 
cost- effective in the Anadarko Basin for hydrocarbon 
exploration. 
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ANADARKO BASIN TEST SITE 


General Description 

The Anadarko Basin occupies about 76,800 square km in 
western Oklahoma and the Panhandle of Texas (Map 1} 
and is bounded approximately by 34‘’45' and 37° north 
latitude and 97'’ 30' and 101® 30' west longitude. The 
basin was chosen as a test site because there is a great 
deal of published information available on the geology of 
the area and many structures act as traps for hydrocarbons . 
The Anadarko Basin is also similar to several other large 
epicontinental sedimentary basins. In addition, the area 
was the site of Eason Oil Company's ERTS experiment (Collins 
^ £1 . , 1 974), 

The rocks in the Anadarko Basin have undergone several 
periods of deformation which culminated with faulting, 
folding, and rapid deposition during Pennsylvanian and 
early Permian time. Essentially flat lying Permian clastic 
and evaporite rocks overlie and mask most of the under- 
lying structural features. Some areas include collapse 
features produced by solution of evaporites. This complex 
history makes the Anadarko an exacting test of the useful- 
ness of Skylab imagery for petroleum exploration. 

Climate of the area ranges from moist sub-humid in the 
north and eastern parts of the area to semi-arid in the 
western part of the area. Rainfall ranges from one meter 
per year in the east to less than 40 centimeters per year 
in the far west. Consequently, native vegetation ranges 
from scrub oak in the east to short prairie grass and sage 
i n the west . 

Altitude of the surface steadily rises from 300 meters in 
the east to 1,500 meters in the west. Topography in the 
east is characterized by gently rolling hills with local 
relief of approximately 60 meters. In the west the topo- 
graphy is characterized by flat undissected uplands and 
mesas and deep canyons with local relief on the order of 
350 meters. 

The entire area is extensively farmed and ranched and most 
land holdings are divided along township and range survey 
lines. This imposes a north-south and east-west oriented 
cultural lineation over much of the area. Constancy of the 
pattern makes it easy to separate man-made 1 inears from 
natural linears. Cultural features not parallel to this 
grid can be eliminated by interpretation or by reference 
to USGS 1:250,000 scale topographic maps. 
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Regional setting of Anadarko Basin. 


Mup I . 


Cross section A-A' is shown in figure 1. 





Extensive agricultural usage results in tonal patterns 
produced by cultivated vegetation and cultivated soils 
imposed upon and replacing native vegetation and undis- 
turbed soils. Much of what one interprets is, in the 
final analysis, sensor response to vegetation and soils. 
Thus at some seasons of the year the cultivated vegetation 
tends to mask natural boundaries and at other times of the 
year it serves to accurately mark these boundaries. 


Geol oqy 

The following summary of the geology of the Anadarko Basin 
was derived from several sources, mainly Wheeler (1955), 
Huffman (1959), Eddlemen (1961), Cunningham (1961), MacLach- 
lin (1964), Ham et al . , (1964), Petzel (1974), and Collins 
et al. , (1974) . 


Locati on : 

The Anadarko Basin trends west-northwest from near Oklahoma 
City into Texas County, Oklahoma (Map 1 ■ ). The basin is 

bounded by the Nemaha ridge on the east, the Amarillo- 
Wichita-Criner Hills mountain chain on the south, the 
Cimarron uplift at the west end, and along the north by 
the Hugoton-Dodge City embayment and the Central Kansas 
uplift. The axis of the basin lies about 35 km north of 
the Amari 1 1 o-Wi chi ta uplift. 

For the purposes of this study the Anadarko Basin is defined 
by the -3000 feet (-920 meters) structural contour (datum 
is, sea level) on the top of the Mi ssi ssi ppi an (MacLachlan, 
1964). It can be divided into a platform and a trough. 

The trough is defined on the south by the frontal structural 
zone of the Amari 1 1 o-Wi chi ta uplift. The -6000 feet contour 
(-tl830 meters) on the Mi ssi ssi ppi an or the hingeline of 
Atokan deposition define the western and northern bounds. 

The Atokan hingeline and the -6000 feet contour approxi- 
mately coincide. The hingeline is placed where thickening 
of sedimentary units increases from 10 ft/mile on the plat- 
form to about 50 ft/mile into the trough (Rascoe, 1962). 

The west-northwest trending axis of the basin lies near the 
south edge of the trough, giving the basin a strongly asym- 
metrical character (Figure 1 ). 


Stratigraphy: 

Layered basement rocks above the Precambrian substrate 
(1,100 and 1,350 million years old) total 7600 meters thick 
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Figure 1, Cross section through the Wichita Mountains and 
Anadarko Basin showing asymmetry of the basin and the complex 
frontal structure of the Wichitas, Line of section shown on 
maps 1 , 2 . 
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near the axis of the basin (Ham et aj . , 1 964). They consist 
of late Precambrian and early Cambrian metasedimentary rocks, 
early or middle Cambrian basalt and gabbro and late Cambrian 
granite and rhyolite. 

Unconformably overlying the basement rocks is a series of 
sedimentary rocks representing every system from Cambrian 
through Quaternary. These rocks are as much as 11,500 meters 
thick near the axis. Paleozoic rocks thin northward onto 
the platform, being thickest in the present trough. Younger 
rocks reflect epeirogenic movements and distant orogenies 
and thus usually do not show thickening in the trough area. 

Late Cambrian through Mi ssi ssi ppi an rocks are predominately 
limestone and dolomite. The first major hiatus in the 
record occurs in Devonian time at the end of Hunton depos- 
ition. The Hunton is unconformably overlain by Devonian- 
Mi ssi ssippian Woodford shale. Pennsylvanian through lower 
Permian rocks are predominately clastic rocks in: the basin 
with limestones and dolomites interbedded in the shelf area 
to the north. The remainder of Permian rocks are clastic 
with significant thicknesses of interbedded evaporites. 

Mesozoic rocks are limited to a few small exposures mostly 
on the periphery of the basin and are not of major concern 
to this study. 

The Tertiary is represented by the Pliocene Ogallala form- 
ation composed of continental rocks that crop out over most 
of the area west and north of central Roger Mills County, 

Okl ahoma . 

Large areas on uplands and along major streams are covered 
by Quaternary wind-blown and stream-laid deposits. 


Surface Rocks: 

Cambrian and Ordovician rocks are exposed in the Wichita 
Mountains to the south of the Anadarko Basin, and isolated 
outcrops of Mesozoic rocks occur at several places (Map 2). 

Permian, Pliocene and Quaternary deposits are the most wide- 
spread surface units. Permian rocks are dominately shallow- 
marine, deltaic and alluvial deposits of red sandstone, 
shale and evaporite rocks. Gypsum and dolomite outcrops 
form conspicuous scarps. Thick salt units are widespread 
in the subsurface, affecting the surface by solution collapse 
and by local increases in salinity of surface and ground- 
water. 
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Pliocene Ogallala sediments are poorly consolidated, poorly 
sorted gravel, sand and clay with several layers of volcanic 
ash and bentonitic clay. Caliche occurs irregularly in the 
upper part of the exposed Ogallala. 

Many upland areas in Texas and all major drainages are 
occupied by Pleistocene eolian and fluvial deposits. Older 
deposits include sand, gravel and volcanic ash, whereas 
the younger are terrace deposits of gravel, sand, silt and 
clay with numerous channel deposits. Younger Pleistocene 
and recent dunes exist along several large streams and on 
some uplands. In addition, there are playa deposits in 
many small blowout depressions, particularly in the Pleist- 
ocene cover near Amarillo. 


Tectonics and Geologic History: 

In late Cambrian time, seas spread into the mid-continent 
from the Ouachita trough to the south. In the southern 
Oklahoma ernbayment Precambrian clastic rocks were re-worked 
and deposited as the Reagan Sandstone. 

The ernbayment axis trended west-northwest from central 
Oklahoma to the Sierra Grande highland to the west. This 
axis was probably close to the present axis of the Amarillo- 
Wichita-Criner Hills uplift (Ham ejt , 1 964). Several 
areas of high relief affected sedimentation. Among these 
were Sierra Grande, "Llanoria" to the south and the central 
Kansas arch on the northeast. By the time of deposition 
of the Cambri an-Ordovi c i an Arbuckle Group the crust in the 
vicinity of the present Anadarko Basin had developed into 
a broad sag. Minor structural adjustments caused thinning 
and local unconformities in units near the margin of the 
basin. This pattern of deposition continued essentially 
uni nterrupted into mid-Devonian time. As the basin gradually 
subsided, the sea encroached on wider and wider areas during 
Simpson, Viola, Sylvan and Hunton deposition. Deposition 
was continuous near the center of the basin but was repeat- 
edly interrupted on shelf areas. 

The entire region was uplifted in middle Devonian time. 

Hunton and all older rocks were bevelled, particularly to 
the north and northeast, exposing Precambrian rocks in 
places. Wheeler (1955) suggests that the Amaril 1 o-Wi ch i ta 
trend was already a positive feature. 

The siliceous shales of the Devoni an-Mi ss i s s i ppi an Woodford 
Formation accummulated on this irregular surface. Sedimen- 
tation continued uni nterrupted throughout the Mi ssi ssi ppian . 
At the end of Mi ssi s s i ppi an time, epierogenic uplift again 
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occurred, seas retreated to the basin deeps and the top of 
the Mi ss i ss i ppi an was eroded. Many features that later 
became prominent began to develop as gentle folds and local 
warps. The Amaril 1 o-^Wichita arch was raised above sea 
level, separating the ancestral embayment into the Palo 
Duro-Hollis Basin on the south and the Anadarko Basin on 
the north. Late Mi ssi ssippian or early Pennsylvanian Springer 
deposition, which was restricted to the deep part of the 
basin, was continuous with and in places overlapped by 
Morrow deposits. 

The Anadarko Basin and the Amari 1 1 o-Wi chi ta-Cri ner Hills 
uplift as they exist today, developed in late Morrow and 
Atoka time. This tectonic activity, known as the Wichita 
Orogeny, raised the Amarillo and Wichita Mountains along 
west-northwest trending high angle faults and developed a 
foredeep to the north creating the strong asymmetry of the 
Anadarko Basin. This fault system parallels older (pre- 
Mississi ppian) structural trends (Wroblewski, 1967) and 
consists of normal and high angle reverse faults. 

The basin deepened rapidly during the Pennsylvanian period, 
marine deposition continued through Atoka and Des Moines 
time. Continued movement along older structures caused 
local thinning and onlap-offlap relationships within Atoka 
and Des Moines deposits. Coarse clastic rocks thin north- 
ward from the mountains, interfingering and grading into 
finer grained basin and shelf deposits. 

A new system of faults developed that trend north 30° west, 
and cut older folds and fault systems (Wroblewski, 1967), 
these structures formedduring a period of down-to- the-bas i n 
normal faulting. A third episode of Pennsylvanian tectonic 
activity produced faults that trend north 45° east. These 
faults cut other Pennsyl vani an faults, but may have been 
active in the pre-Pennsyl vani an (Wroblewski, 1967). 

The importance and persistence of old structures is demon- 
strated by the Ft. Cobb, Cordell, Sayre and Mobeetie features. 
These are pre-Mi ssissi ppian faulted anticlines trending 
northwest that were again deformed during Pennsylvanian time. 
According to Wroblewski (1967) these structures may even 
be Precambri an . 

Taken as a whole, the Pennsylvanian sets of faults of dif- 
ferent trends do not show a consistent relationship one to 
another. This suggests that several, if not all, of the 
sets of faults moved i ntermi ttently over the same period 
of time. The implication being that these simultaneously 
moving faults are the product of the same stress field. 
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Renewed orogeny in late Pennsylvanian time rejuvenated older 
structures but deformation did not extend as far into the 
Anadarko Basin as did earlier activity. Missourian and 
Virgilian deposition was widespread and continuous into 
lower Permian. Clastic rocks consistently grade into finer 
grained basin deposits toward the north. By late Pennsyl- 
vanian times all but a few high peaks had been covered by 
the deposits. 

During Permian time the basin gently subsided. It became 
filled and land locked and great evaporite sequences 
accumulated . 

Triassic and Jurassic deposits consist of isolated evapor- 
ites and terrestrial materials that accumulated in an arid 
upland. Little remains of Cretaceous rocks which may or 
may not have once covered much of the region.. Apparently, 
the entire area was elevated and tilted to the east during 
the Laramide deformation to the west. 

Tertiary activity consisted of minor warping and the accum- 
ulation of terrestrial deposits. 

The area has been relatively quiet in Quaternary and Recent 
times. A variety of alluvial materials, gravels, and wind- 
blown sands are the dominant sediment types to the present. 
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III. EVALUATION OF SKYLAB IMAGERY 


n 



FORMATS AMD COVERAGE 


Comparison of Image Scales and Formats 

In the course of our Skylab project we used a variety of 
image formats including 70 mm, 5 in. and 9 in. transparen- 
cies and 9 in., 18 in. and 42 in. paper prints. Scales 
ranged from 1:950,000 to 1:100,000. Each format has its 
unique advantages and disadvantages. The smaller formats 
are certainly more convenient to work with and store. 

Whereas, the larger formats are better for display and 
compilation purposes, and the larger areas encourage a 
greater detail of delineation without magnification. 

The S190A 70 mm transparencies are in the easiest format 
to use with the I^S adcol color additive viewer. This is 
the easiest format to store. Transparent enlargements 
(9" X 9") of the S190A and S190B imagery at scales of 
1:700,000 and 1:500,000 re.spect i vel y , are extremely 
convenient for interpretation in the laboratory. They 
fit easily on standard light tables and are easy to use 
with standard microscopes, magnifiers, and stereoscopes. 

The use of the stereoscope is exceedingly important 
because it provides a quantum increase in the confidence 
of the interpretation. This format is also quite easy 
to store. However, transparenci es are not satisfactory 
for field work because of viewing problems, and field use 
(dust, static electricity and rough handling) degrades 
the image rapidly. 

The level of detail i nterpretabl e on the 1:700,000 and 1:500,000 
transparenci es is about the same as that of the 1:100,000 
paper prints. However, the space available on the 1:100,000 
paper prints permits a greater level of detailed inter- 
pretation in some circumstances. No magnification is 
needed at 1:100 ,000 . 

We used paper prints of S190B photographs at scales of 
1:500,000, 1:250,000 and 1:100,000. The 1:500,000 prints 
(9" X 9") are useful for laying out flight line indexes 
and for use with pocket stereoscope. The resolution is 
less than that of the transparenci es at the same scale. 

This is also a convenient scale for field use. The 
1:250,000 prihts (18" X 18") are more bulky and somewhat 
less convenient for field use (but usable). This scale 
is extremely useful for laboratory interpretation and 
compilation because the need for magnification is infrequent, 
the photos match the scale of the 1®X 2 ° U.S.G.S. topo-"" 
graphic sheets, and they can be used with mirror stereo- 
scopes which permits matching topographic detail between 
map and image. The 1:100,000 prints (42" X 42") are too 
unwieldy for field use but excellent for compilation and 
detailed interpretation in the laboratory. Examination 
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of these images convinces us that for very detailed work 
the S190B imagery can be enlarged profitably to 1:500,000 
or even larger (we have seen this done in several areas 
outside of our test area with very good results). 

It is best, in regional projects such as ours, to interpret 
on the 1:500,000 scale trans parenc i es and compile the 
results on the 1:250,000 paper prints. This statement 
assumes proper hardware, a transf erscope in particular, 
is available and considers the advantages and disadvantages 
of the various formats. If appropriate equipment is not 
available for use of images at two or more scales, we 
found it best to perform all interpretations on 1:250,000 
prints or transparencies. We also use the 1:250,000 paper 
prints for field checking our i nterpretati ons . For more 
detailed work in specific areas we recommend using larger 
scale transparencies and prints. 

Comparison of Seasonal Coverage 

Skylab provided insufficient frequency of coverage to 
allow a definitive comparison of the value of the imagery 
acquired during various seasons. Clouds and haze prevented 
acquisition of good imagery during the SL/2 mission and 
most of the SL/3 mission. 1973 was a particularly wet 
year and several times when Oklahoma was due for an over- 
pass a front would move through causing considerable 
cloudiness throughout the area. Several cloud-free EREP 
passes were also pre-empted by other experiments and 
mechanical problems. Despite the perversity of the climate, 
SL/3 and SL/4 acquired several passes of substantially 
cloud-free imagery in the summer of 1973 and the winter 
of 1973-74. Imagery acquired during both these seasons 
is excellent for geologic interpretation. 

Upon comparison, the imagery acquired on December 2, 1973 
appears to be the best. Atmospheric conditions were 
excellent, the ground was snow-free and vegetation was 
at a minimum. When interpreted at a scale of 1:100,000 
the detail in S190B photos is comparable to that of RB-57 
photography at'a scale of 1:118,000. However, as we 
point out in the airphoto-space photo comparison, certain 
lithologic features could be interpreted from the summer 
photo that could not be from the winter photo. 

Imagery acquired January 30, 1974 was relatively cloud-free 
but the ground was covered with a light dusting of snow. 

We found that this light snow cover enhanced recognition 
of many structural features such as geomorphic anomalies 
and lineaments, but obscured tonal information that would 
suggest lithologic contacts and stratigraphic units. 
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The cloud-free portions of images from January 11, 1974 
were heavily snow-covered. The heavy snow obscured most 
geologic features with the exception of sharp topographic 
breaks and topographical ly prominent linears. 

Our conclusion, based on a limited amount of data, is that 
for photographic imagery of the type acquired by Skylab, 
late fall, winter or early spring imagery probably would 
be; the optimum times of year to acquire imagery over an 
area such as western Oklahoma and the Panhandle of Texas 
foir purposes of geologic interpretation. However, we are 
confident that imagery acquired at other cloud-free times 
of the year would add substantial and significant items 
of information to a geological interpretation. Thus, as 
we concluded in our ERTS study, we would strongly encourage 
anyone using space-acquired imagery for geologic inter- 
pretation to examine two or more coverages of imagery, 
preferably acquired during different seasons, in order to 
optimize the amount of geological information extracted. 
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COMPUTER PROCESSING OF DIGITAL DATA 


For our purposes, one of the least successful portions of 
this study was the computer processing of the S192 tapes. 
Several factors lead to this judgement. There was a 
considerable amount of noise in the tapes, which inter- 
rupted the continuity of features and made any optical 
band-to-band operations very nearly worthless. The 
high quality, good resolution, convenience, and effect- 
iveness of the photographic products for geological inter- 
pretation made the digital data less attractive than it 
may have been otherwise. Budget considerations made it 
undesirable to pursue digital processing in light of the 
above observations. Based on our discussions with other 
Skylab investigators, we decided not to attempt to use 
S193 data in our experiment. 

We used S192 conical scan tapes { non-1 i ne-strai ghtened) 
in order to preserve as much of the inherent accuracy and 
congruity of the scanner system as possible. For a test 
site we selected the bends of the Canadian River in Ellis, 
Dewey, Roger Mills, and Custer Counties, northwestern 
Oklahoma. This is an area where several Permian units, 
the Tertiary Ogallala and a variety of Quarternary units 
are exposed at the surface offering a wide variety of 
possible discriminations of surface materials. 

Computer processing involved reformatting the data tapes, 
contrast enhancement of selected bands, and printing out 
the enhanced bands on a Litton recorder. We examined the 
enhanced images and attempted several types of photo- 
graphic color composites. In general, the Permian redbeds 
can be differentiated from the younger rocks in bands six 
and nine and in the color composites. However, these 
distinctions and further differentiation are made more 
easily on S190 photographic products. 

Data Tape Reformatting 

The Skylab $192 data tapes received for analysis under 
this contract were conical scan data tapes containing 
samples of all the 22 scientific data output (SDO) 
channels. The data tapes had been processed by NASA 
to remove systematic "noise" from the data. The format 
of these data tapes is thoroughly discussed in NASA 
document PH0-TR543 entitled "Earth Resources Data Format 
Control Book." 

The data format was an adaptation of "The Imagery Data 
Universal Tape Format." Because of the generality of the 
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design of the universal tape format, the first record on 
each tape was a header record used to describe the contents 
and data structure of the following video data. 

The header record on each tape completely described the 
contents of the tape format of the remainder of the data 
tape. Among other information the header record speci- 
fied number of SDO channels present, SDO channel numbers, 
spectral coverage for each SDO channel , the number of 
bytes of video per scan, the number of physical records 
per data set, the number of bytes of data per physical 
record, the number of SDO channels in the first record 
of data set, the number of SDO channels and all other 
records of the data set, number of bytes in ancillary 
block, byte address of the first block of video data, 
byte address of the calibration data, number of bytes 
of calibration data. The ancillary data block for each 
scanline included among other information, a tape line 
number and the latitude/longitude of the first center and 
last pixel of that particular line. 

The planned utilization of the S192 digital data required 
that all of the scanlines for the entire test area sampled 
by a particular SDO channel be arranged sequentially on 
a single computer tape. The data reformat rearranged each 
individual original S192 data tape to the desired format. 

During the data reformat process, the ephemeris data from 
the ancillary block was extracted from the data tapes and 
a printer listing of that data was produced. In addition, 
each SDO channel was histogrammed and a histogram printout 
produced. These data were useful in the later phases of 
the S192 digital data processing. The format of the 
reformatted S192 data tapes was designed to allow for 
convenient access and manipulation of the data while main- 
taining an efficient storage structure for the data. The 
first 32 bytes of data on each physical record, contained 
header identification information. Each block contained 
video data from a single SDO channel. The following 
information was stored within the 32 byte header of each 
phsycial record; SDO numbers for the SDO scans contained 
on that record, tape line number for that particular scan 
line, sequential line number starting at one for the first 
record on the tape, the total number of scans in that 
particular segment, the number of bytes of video data for 
each SDO (maximum of 1,240), and the input volume table 
serial number. 

The physical records were arranged on the reformatted 
tapes according to SDO channels. Suppose that there were 
560 line.s contained in a parti cul ar origi nal S192 data tape. 
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The first 560 records on the reformatted tape would then 
contain all of the video data for SDO numbers one through 
four. The five hundred sixty-first record was a separator 
record. Record numbers 562 through 1,121 would contain 
all the video data for SDO five through eight. This 
sequence continued until all of the SDO channels were 
transferred to the reformatted tape. 

Contrast Enhancement 


Selection of the spectral bands to be used on the test 
site was done by comparison of Litton prints from all of 
the spectral bands for the site. Through this process, 
spectral band 3 ( . 50-. 56^,' bl ue) , band 4 (.53-.61y, green/ 
yellow), band 5 {.59-.67y, orange/red), band 6 (.64-.76u 
red), and band 9 (1.00-1.22y, infrared) were chosen because 
they appeared to give the- best visual discrimination among 
several types of geologic features. Bands 3 and 4 are 
similar but do differentiate some soil types. After 
contrast enhancement band 5 appeared to be a poor choice 
and was not considered further. Band 6 and 9 were best 
for examining geologic and topographic features but not 
nearly so good as the photographic products from S190A 
and B. 

While the spectral band selection was based on a pre- 
specified gray-level transformation, the operational 
gray-level set assignment was determined by gray levels 
found within the areas to be displayed. The advantage 
to this approach was that the data for each test site 
would be displayed with the maximum local contrast. A 
technique that is widely used and referred to in the 
literature as histogram equalization or histogram flat- 
tening was employed. Essentially, this procedure defines 
a non-linear, many-to-one mapping of input gray-levels to 
output gray-levels. The net effect is to spread the input 
data across the whole dynamic range of the output device. 

The assignment of output gray-levels was a function of 
the frequency of occurrence of each input gray-level and 
the number of output values available in the test site. 

The tails of each histogram were clipped and only the 
gray-level interval of interest was contrast enhanced. 

Resul ts 

The results of these operations were disappointing in 
comparison to the excellent photographic products acquired 
at the same time by the S190 instruments. However, the 
spectral resolution available in the scanner does hold 
out the possibility that in other areas and/or under 
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satisfactory operational conditions (less line noise in 
the data), computer manipulation of similar data could 
lead to rather sophisticated differentiation of surface 
composition units. Given the nature of our study and 
the level of effort required with the tapes, we concluded 
that computer manipulation of the $192 data is not time- 
or cost-effective in the Anadarko Basin for the purposes 
of geological exploration. 
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LITHOLOGY AND COMPARISON OF BANDS 


S192 Multispectral Scanner 


Comparison of lithologic interpretations made from film 
images of S192 scanner data shows that, in general , detail 
and variety of geologic information increase band by band 
from shorter to longer wavelengths. In the summary that 
follows no mention is made of bands 1 and 13. Band 1 was 
not recorded. Band 13 is so noisy for our passes that we 
found it useless. In fact, all our scanner data are noisy. 

Bands 2 through 5 are best for speedy mapping of broad 
lithologic units. Major lithologic units of wide areal 
extent stand out because of a general lack of detail. 
Contrast is relatively low and much topographic and 
vegetative information is lacking or subdued. Roads and 
towns are distinguishable, but bodies of water are obscure. 
Cloud shadows are difficult to distinguish from permanent- 
surface features. 

Bands 6 through 12 provide significantly more detail than 
shorter wavelength bands and are generally of higher 
contrast. Major rock units are mappable but significant 
detail and additional units of more limited areal extent 
are apparent. This increased information content results 
from greater apparent vegetative and topographic effects 
on reflectivity at longer wavelengths, reduced atmospheric 
interference and much greater contrast between water bodies 
(including wet areas) and adjacent surfaces. Major streams 
and their larger tributaries standout because of good 
definition of topography, high contrast of water-filled 
channels and vegetative contrasts between alluvium and 
bedrock or residual soils. Even very minor drainage stands 
out on bands 11 and 12. The added detail at long wave- 
lengths permits mapping of 1 ocal i zed un i ts , particularly 
those having good topographic expression. 

Actual lithologic interpretations are compared in figures 
2 and 7, and table 1 summarizes the general charact- 
eristics of S192 bands. By way of example, bands 3, 9 and 
11 make a good, workable combination. Those bands are 
representative of the varying information content of S192 
data as one goes from short to long wavelengths. Band 3 
could be interpreted first to provide a basic lithologic 
picture of the area. Next, band 11 could be used to add 
detail, furnish additional lithologic information and map 
minor drainage and local, topographically expressed rock 
units. Last, band 9 could add information on alluviated 
areas and perhaps subdivide widespread units. 
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21 
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1 

I 


“1" 

1 



— 1 





Table I . Summary of S192 scanner film image characteristics. GROUP refers to similarity of geologic 
information recorded in images. BAND-x-SDO lists bands by number, wavelength and digital tape track 
number used for recording each band as siippl i ed to Principal Investigator. "X", as listed, was deter- 
mined by inspection of sensor response curves and varies from nominal list supplied by NASA. 
AVAILABILITY OF INFORMATION refers to a visual inspection in which bands were ranked by ease of inter- 
pretation, which depends on contrast and gray level separation and resolution. A preferred working 
set of images would therefore consist of the best band from each of the groups, with band 13 added 
Where noise content is low. 
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jOLCOOT frame 


Lithologic interpretations of northwestern Oklahoma were made from 12' 
scanner data. Compare to state geologic map of the area (map 3 ). Bi 
range of information and detail provided by the S192 scanner. Refer 
provides a quick reconai ssance geologic map of the area. However, coi 
show up. Foss Reservoir is almost unrecognizable as a body of water, 
area and the context of the lake. Tertiary strata (Pliocene Ogallala 
maps. Band 9 provides so much detail that some major units are obscu 
enhances alluviated stream valleys (S) thereby adding significant dat 
Band 11 also shows a complex Ogallala formation. Contacts are more p 
sand TQts) is mapped on 11 in one of the Canadian River bends reinfor 
than adding new i nf orma tion at this point apparently adds confusing d 
Drainage analysis is best done on 11 even though alluviated areas arei 
anomalies are also shown on these interpretations. I 

P = Permian undivided; Tpo = Pliocene Ogallala formation; Qts = QuateJ 


e made from 126 mm (5 in.) film positives of S192 mul ti spectral 
a (map 3 ). Bands 3, 9 and 11 were chosen to demonstrate the 
anner. Refer to groups "A", "C" and "D" in Table I . Band 3 
However, contacts lack detail and alluviated areas do not 
body of water, save for the interpreter's experience in the 
Dcene Ogallala) show a complexity not indicated on existing 
nits are obscured, particularly the Ogallala. 9 certainly 
ignificant data and details. Foss Reservoir is easily mapped. 
:ts are more precise and detailed than on band 3. A patch of 
bends reinforcing the interpretation on 3. Band 9, rather 
is confusing detail. Topography is emphasized on band 11. 
ated areas are not enhanced as on band 9. Several linears and 

t; Qts = Quaternary terrace sand. 
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Figure 3 . Comparison of S192 bands 3, 9, 11, 13. The interpretations in figure 2 were 

made from these scenes. 








S190A Mul ti spectral Camera 


Lithologic information in S190A mul ti spectral photos 
varies greatly from band to band. Refer to figure 5 . 
Variations in grain and contrast, as well as variations 
in spectral response, significantly affect geologic content. 
The two black and white infrared bands contain the least 
amount and variety of useful information. The red band and 
the normal color band provide the greatest variety of easily 
interpreted geologic data. All bands contain some unique 
information or some information that is most readily apparent 
when compared to the other bands. 

Infrared Bands (black-and-white): 

The two black and white IR bands are similar. They show 
well only the grossest features such as major streams and 
lithologic units of great areal extent and/or strong 
contrast. Cultural features, except for large fields, 
generally are not resolved, making it difficult for the 
user to orient the image and locate features of interest. 

These bands are best used to provide a reconnaissance base 
for detailing on the other bands. Major linear zones and 
tonal features and major lithologic units of high contrast 
can be sketched on an overlay. The overlay can then be 
used as a guide when interpreting features that are less 
apparent or that are shown in more detail on other images. 

One example of such useful information is the Permian Elk 
City-Doxey contact. The Elk City unit is highly reflective 
at infrared wavelengths. It contrasts well with the under- 
lying Doxey shale and can be quickly mapped. Contrast is 
lower but adequate for mapping purposes on color infrared. 
However, the contact must be mapped almost solely by subtle 
textural contrasts on the other three bands because there 
is little tonal contrast. 

There are also several linear features that are unique to 
I,R photos or are more visible in infrared than in other 
wavelengths. A zone of short linears and tonal contrasts 
extends N50E from near Grand Oklahoma in Ellis County for 
more than 30 km. See figure 4. The zone appears on Landsat 
as a single line. It was also mapped from the S190A green 
band as a fracture zone but is lacking from or was overlooked 
on other bands. This zone seems to be associated with a 
buried Paleozoic fault. It coincides with structure expres- 
sed as a change in strike of Virgilian rocks (uppermost 
Pennsylvanian) and as an isopach thick in Missourian rocks 
(lower upper Pennsylvanian). 
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Figure 4 . The S190A black-and-white infrared bands are 
valuable for interpretation of linears. Linears are few 
on these two bands, but most of them are unique. Two 
linears of particular interest occur at Canadian in the 
Texas Panhandle (not shown) and in Ellis County, Oklahoma 
(above). This linear and others parallel to it are 
related to subsurface features.. As shown here the linear 
is related to upper Pennsylvanian sedimentary and structural 
features. 

The black and white IR photos distinguish well between 
alluviuin and Permian units. Permian Elk City, Pliocene 
Ogallala and Quaternary sand and alluvium all contrast 
strongly with Permian rock units. Unfortunately, the 
Pliocene and Quaternary units do not contrast with each 
other and where they are adjacent or overlapping, contacts 
are obscure and they cannot be mapped separately. 

Green Band: 

The green band shows much more detail than the two IR 
bands just described. There is good separation of Ogallala 
and Quaternary deposits from Permian rocks. This band 
shows Ogallala and Quaternary as distinct units in some 
areas but they blend together at other places. Moisture, 
vegetation and topographic differences seem to account for 
the variation in contrast between Quaternary and Tertiary 
units. This variation in contrast tends to reinforce the 
notion that satellite coverage during different seasons is 
valuable for geologic interpretation. 

Permian units are essentially indistinguishable from one 
another except in an area south of Taloga in Dewey County, 
Oklahoma where Cloud Chief and Rush Springs are distinct 
on most images. The green band gives less detail than the 
remaining bands. Contacts are less detailed and less 
exact and units are fewer (more generalized) than on the 
bands discussed below. 

Color Infrared Band: 

The S190A color IR film is grainy. Contrast is low to 
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moderate and our passes were either overexposed or under- 
exposed. Resolution is medi'.-m relative to the other bands. 
Certainly, color is a distinct advantage, compensating to 
a degree for rather poor resolution and contrast. 

Lithology inferred from color IR is a good match for the 
state geologic map. Quaternary sediments are distinct from 
Permian rocks. In several locations, contacts within 
Permian rocks can be mapped in detail. The same contacts 
are unresolved in other locations. 

Red Band: 

Red band photos are high contrast and high resolution 
images, superior in both qualities to all bands except the 
full spectrum color film. Many rock units were mapped from 
red band photos that are not recognizable on the other 
bands. Great accuracy and fine detail were achieved when 
interpretation was done from this band. 

For example, we can easily map terraces, inactive bed 
deposits, active channels and Quaternary alluvium along 
the course of the Canadian River. The alluviated valley 
of the Washita River was mapped in greater detail and 
farther along its course than on any of the other bands. 
Tertiary (Ogallala) deposits were easily mapped. 

Most important of all is the fact that several Permian 
units are distinct one from the other at many places. 

Rush Springs Sandstone is distinct from Cloud Chief rocks 
in Dewey County. Whitehorse, Cloud Chief and Rush Springs 
are distinct south of Sayre in Greer County. Doxey and 
Cloud Chief can be mapped in the area of Strong City, 
Oklahoma. This is the area referred to in this report in 
the section comparing airphotos and space photos. This 
contact cannot be mapped from any S190A bands except the 
red band and the color photos. It cannot be found on one 
S190B pass and can be delineated only with close inspection 
of another S190B pass made on a different date. 

Color Band: 

The color film has contrast equal to that of the red band. 
It has the finest apparent resolution, by far, of all ST90A 
bands. 

Much of what has been written above concerning the red 
band can be reiterated here. Many rock units are rec- 
ognizable, including the Doxey-Cloud Chief contact near 
Strong City. The excellent contrast and resolution permit 
finer detail and even greater accuracy than the red band. 
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Figure 6. S190A photos rolls 19-24, frame 113. 
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Moreover, use of color enhances most features and reduces 
recognition time, increasing confidence in the interpretations 
made from these photos. 

S190B Earth Terrain Camera 


S190B photos have the highest resolution of all Skylab 
images. The high resolution color film combined with an 
18 in. focal length lens system makes S190B photos superior 
to the other systems for almost all geologic applications. 

Drainage and fracture studies can be done precisely from 
enlarged S190B photos. The same kinds of analyses are 
possible from the other sensors but can be done only as 
first, rough studies to be followed by more careful analyses 
on S190B. 

Lithologic contacts can usually be mapped in fine detail 
and located within 100 ft when compared to large-scale 
maps. In this respect, it is instructive to compare 
figures with figures 5a,b,c- However, the Doxey-Cloud 
Chief contact studied in the airphoto-space photo comparison 
was not traced on S190B 90-145. It was traced with dif- 
ficulty on S190B 83-046 only after the experience of the 
airphoto interpretation. This demonstrates again the value 
of multiple coverage. The contact was traced with rela- 
tive ease on two bands of S190A acquired simultaneously 
with 83-046. These studies indicate that very high 
resolution (airphoto) and/or multiband capability (S190A) 
can compensate in some cases for lack of repetitive and/or 
mul ti -seasonal photo coverage. 

Strike and dip measurements and approximations can be 
done in many locations on S190B. Faults and, in some 
instances, joints can be traced and studied in detail. 

Their location can be determined precisely on S190B. 
Structural i nterpretati on can also be done from the other 
sensors, but frequency of proper conditions and precision 
in locating points are more limited than on S190B;. S190A 

and S192 are, perhaps, more useful for regional studies 
than for studies of restricted areas or individual prospects. 

One disadvantage to using S190B is its high resolution 
compared to S190A, S192 and Landsat. One rationale for 
using satellite images is the fact that some features are 
best seen when distracting detail is eliminated, or when 
several subtle features are integrated by lowered resolution. 
S190B photos actually "hide" some potentially significant 
features amid the "noise" of detail. 
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General Comments and Summary 


Most lithologic units can be mapped in detail and precisely 
located from S190B. Because of its high resolution, S190B 
is superior to S190A and S192 for most geologic applications 
High resolution and lack of mul ti s pectral images are dis- 
advantages compared to S190A, S192 and Landsat images in 
applications where low "noise" content is desirable. 

An orbital perspective and high resolution give S190B 
advantages over high altitude photos. No mosaics are 
required. Proper enlargement eliminates the need for 
magnification. Geologic features can be viewed and studied 
in a regional context. Lower resolution than airphotos is 
a disadvantage in specific applications where precise 
analysis is necessary. 

Lithologic units mapped from S190A photos correspond 
closely with units on existing geologic maps. The red and 
the color bands generally have the closest similarity to 
existing maps and the similarities extend along greater 
distances than on other bands. 

Lithologic interpretations from S192 scanner images also 
correspond well with existing maps. Best results are 
obtained when interpretations of several bands are com- 
bined. The scanner data contain abundant electronic 
noise and have poorer resolution than the camera data. 

As a result, scanner images are less valuable for petro- 
leum exploration than are the photos. 

As important as the demonstration of the ability to accur- 
ately map known rock units, is the ability of space imagery 
to alter existing maps. Our Skylab studies have rein- 
forced our belief that the Ogallala formation can and 
should be remapped. Every band shows new "image units" 
within the Ogallala north of the Canadian River. There 
is also a band-by-band persistence of a boundary within 
the Ogallala south of Cheyenne. Permian contacts cannot 
be distinguished here but, the Ogallala as seen from 
Skylab is certainly not as uniform as mapped in this 
area. The patch of "Quaternary sand" mentioned in our 
ERTS report (Collins, 1974, p.80, figure 15) as being 
similar to Ogallala appears similar as well on Skylab 
S190A and B and S192. A field check of the area prompted 
by our remote sensing studies has provided fossils of 
possible Tertiary age that now are under study. S192 
images indicate that further mapping is warranted in the 
Duncan, Oklahoma area. For here, scanner images extend 
the Permian Hennessey shale far southeast into a unit 
mapped as Permian Marlow. Refer to figure 7 . 
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Figure 7. Area "A" on the interpretations is equivalent to and continuous j 
state map shows (see map 4 ) this area is underlain by the Wellington form] 
j throughout the S192 spectrum strongly suggests that the area should be field 

in some places contact "D" approximates sandstone bed "t" as interpreted on 
and "t" are widely divergent. Skylab and Landsat scanner images show that tj 
morphic areas. The state geologic map shows distinct Garber and Wellington | 
i notion is lost as one follows these units south and west until only the Wei] 
wriT \ ^ ^ ^ suggest possible remapping is in order, its aim being to subdivide the ‘ 
fvlJJUU \for another discussion of features "A" and "D". The S192 scanner bands in t 

the same range of geologic content as do bands 3, 9, 11 in figure 2 . 










Ellsworth 


BAND 6 


wishita River 




SL-4 SI 92 Track 48 Pass 56 73-12-2 !6:45 41 

and continuous with Permian Hennessey shale. However, the 
Wellington formation. The persistence of this "image unit' 
should be field checked for possible remapping. Likewise, 
Interpreted on the state geologic map. At many places "D" ppiz 
pes show that this "contact" separates two distinct geo- 
jind Wellington formations in central Oklahoma. The dist- 
il only the Wellington is mapped in the Duncan area. S192 
subdivide the Wellington, Refer to page of this report 
iner bands in this illustration: 4, 6, 9, 11, demonstrate 

3ure 2 . 'K' 





ChicKasba 



Map 4 . Geologic map of the Duncan area, Oklahoma. From 
Oklahoma State Geologic Map (1954). Compare to S192 
interpretations in figure 7 . 
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L4st, it should be re-emphasized that each band contains 
unique information. Although certain sensors and bands 
will be chosen to give the best results in the shortest 
time, no study can ignore the contributions of the remain- 
ing bands. This is particularly true in cases where a 
detailed study is being made of a restricted site or de- 
limited prospect to maximize an understanding of the 
local geology. 



COMPARISON OF SKYLAB PHOTOS AND AIRPHOTOS 


Photographic products collected by aircraft and by Skylab 
were compared. In particular, a careful comparison was 
made of photos recorded over the Hammon, Oklahoma area. 
Table 2 lists pertinent information on the color airphoto 
and S190B color photo. 



A1 rphoto 

Space Photo 

Camera 

RC 3 

SI 903 Earth Terrain Camera 

Lens 

6 in. 

18 in. 

Film 

SO-397 

SO-242 

Filter 

2A 

#5 neutral density 

Format 

9" transparency 

40" print 

Scale 

1 -.ns , 000 

1:100,000 

Mission 

236 

Skylab 4 

Date 

April 27, 1973 

December 2, 1973 

Time 

2100 GMT 

1646 GMT 

Sun Azimuth 

242* 

219“ 

Sun Anple 

50* 

35* 

Cloud Cover 

lOS 

<1S 


Table 2. Data an photos used in comparison of airphoto and 
S190B photo. 


Li nears Compared 

The orientations of 1 inears as interpreted from both photos 
are similar (table 3 ). Even the total numbers would 
probably be nearly the same were there no cloud cover on 
the a i rpho to . The average length is significantly greater 
on the Skylab photo. The greater apparent length results 
from the greater exposed (cloud free) surface, higher 
contrast on this particular S190B photo, and especially 
from the integrating effect of the regional view and lower 
resolution of the space photo. It can also be seen that 
relatively few of the 1 inears are common to both photos. 

This general lack of correspondence indicates the value of 
integrating two or more kinds of imagery to form an accurate, 
reliable analysis. Some features interpreted as linears 
from Skylab can be eliminated as having no geologic basis 
when referred to airphotos of the same scale. On the other 
hand, some linears that result from integration of several 
distinct features when viewed from orbital altitudes are 
not readily perceived on airphotos and may go undetected 
without the contribution of space photos. 
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Number of 
Linears 

Average Length 

Orientations 

S190B 

334 

.7 km (2264 ft.) 

00*1 

I 

"iK, 

1 9Q* 

A1 rphoto 

285 

.5 km (1608 ft.) 


Common 

75 

Not recorded 



Table 3. Comparison of linears interpreted from S190B (90- 
145) and high altitude airphoto (mission #236, 01-113). The 
number of linears as shown is unique to each photo. We listed 
409 total linears on S1908 and 360 on the airphoto. 


We have made other, less rigorous comparisons of linears 
as seen on air photos and space photos, including one 
reported earlier (Collins, ^ , 1975b, p.l3). These 

comparisons used Skylab photos at much smaller scales 
(1:250, OOOi 1:490,000 and 1:770,000) than the airphotos 
(1:110,000), In general, we found that: 1) use of small- 
scale images reduced the number of linears visible on 
the photos. 2) The same trends predominate on all images, 
indicating the relatively high sun angles and variable 
azimuths have a minor effect on visibility of linears in 
the study site, 3) The number of linears common to two 
or more images is a somewhat higher percentage than the 
figures given above in table 3 . 4) The large areas 

covered by Skylab photos give them advantages in regional 
analysis. 


Lithology Compared 

Lithologic i nterpretati ons from Skylab photos are generally 
accurate, detailed and complete when judged by regional 
geologic maps. The overall structural and lithologic 
features of the Anadarko Basin are visible in S190A and 
S190B multiband photos. Important details, however, 
frequently are not recorded. Detail is lost mainly by 
lower resolution from orbital altitudes and lower color 
contrast. Some lithologic units can be distinguished 
from photos only by subtle textural or color contrasts. 

Such subtleties are easily lost on orbital imagery. For 
example, in Washita County, Oklahoma, the Permian redbed 
units Elk City, Doxey, Cloud Chief and Rush Springs can 
each be mapped on S190B mainly because the topography, 
texture and land-use practices are distinct for each unit. 
Color contrast is low but distinguishable and is enhanced 
by the factors just listed. Unfortunately , these major 
units could not be mapped from S190B 90-145 in the eastern 
half of Roger Mills County near Strong City, Oklahoma. 

See figure 8 . A later attempt to map these contacts used 
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Figure 8 . Comparison of S190B lithologic interpretation with airphoto interpretation. The 
Ogallala formation (Tpo) is easily mapped on both images but is broken and discontinuous on S190B. 
The Doxey-Cloud Chief contact (D-C) is unmappable on S190B. Outcrops definitely identified as 
Rush Springs (Prs) from both photos are much more restricted in occurrence than indicated on the 
state map. Alluviated valleys (Qal) can be mapped quite well on both photos. The two sensors 
complement each other. Mapping of Qal near Hammond was more easily accomplished on the airphoto 
and a small stream was mapped in the north on S190B but not on the air photo. A textural contrast 
(Tx) was noted on the Skylab photo but not on the airphoto. Its origin and significance are not 
known. Detail is superior on the airphoto. Dotted contacts on the airphoto are obscured by 
clouds. Scale is 1:250,000 (reduced). 




Map 5 . Geologic map of the Strong City 
area. Compare this map to the interpreta- 
tions in figure 8 . 
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S190B August 1973 


Figure 9. The Strong City area. Left to right 
S190B December 1973; airphoto April 1973.- 





S190B 83-046. The earlier experience plus a greater 
color contrast on this frame permitted mapping, with 
difficulty, of the Doxey-Cloud Chief contact. The 
important textural elements in the rocks in this area 
(drainage density, vegetation type and distribution, and 
numbers, size, color and distribution of outcrops, etc.) 
are too small and localized to be resolved on these space ; 
photos. However, a color contrast distinguishes Doxey 
from Cloud Chief on airphoto 01-113 NASA mission 236. 

Even the airphoto does not distinguish Rush Springs from 
Cloud Chief as they appear on the Oklahoma State Geologic 
Map. Apparently, the Rush Spri ngs-Cl oud Chief contact 
should be revised, with Rush Springs limited to much 
narrower exposures along the valley walls of Quarter- 
master Creek than are presently mapped. This is a judgment 
easily made from air photos, but not from space photos. 

The basal gypsum bed of the Cloud Chief formation is 
easily mapped on the airphoto, but only in limited areas 
from S190B. 

The S190B photo clearly delineates the Tertiary Ogallala 
formation, the Quaternary and Recent deposits in stream 
valleys and on uplands, and in some places, the basal Cloud 
Chief. The Skylab photo also shows a textural contrast 
across a line within the Permian running northwest from 
Hammon, Oklahoma. This contrast is not readily apparent 
on the airphoto and was located only after being recog- 
nized on the space photo. It appears to have no explor- 
atory significance and is a subtle geomorphic contrast. 

Importance of an Orbital Viewpoint 

The synoptic view of S190B photos combined with high 
resolution give them a distinct advantage over airphotos 
of any kind. They can be enlarged and used without the 
many disadvantages of mosaics. A single S190B photograph 
enlarged to 1:100,000 (a slightly larger scale than many 
high altitude photos) is only 42 inches on a side. This 
is too large for field work but is quite easily managed 
in a laboratory or office and can be cut for field work. 

The S190B photo covers almost 120,000 sq km. A 9 in. 
by 9 in. airphoto at 1:100,000 covers 520 sq km. The 
average ground resolved distance on S190B is about 25 m 
(80 ft), but objects as small as 30 ft on a side can be 
recognized. Narrow streams, roads and trails can be 
traced. Small objects that can be recognized, in context, 
are buildings, large trucks, trees, known outcrops, small 
ponds. 

The S190B synoptic view in itself is an advantage in that 
features many kilometers apart can be related visually and 
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analyzed as parts of a whole. Perhaps as important is 
the fact that airphotos must be placed in a mosaic before 
equivalent studies can be performed. S190B however, is 
entirely free of photographic edge effects, vignetting, 
on individual photos, illumination and exposure differences 
between lines, photo to photo geometric distortions and 
scale differences. Contrast, color and scale are essen- 
tially constant over most of 120,000 sq km. In addition, 
resolution is lower on S190B photos than airphotos. 
Therefore, when enlargements of 1:100,000 scale are used, 
the need for tedious, time-consuming magnification work 
is eliminated. All detail is brought up to the perception 
ability of the unaided human eye. Air photos contain so 
much more detail at this scale however, that constant use 
can be made of magnifying apparatus. 

Summary 

In brief, the space photos clearly delineate lithologic 
units wherever there is good to moderate contrast in tone, 
texture or color. Although detail approaches that obtained 
from the airphotos, spectral and spatial resolution are 
lower than in airphotos, limiting the detail recorded. 
Important detail is lost as significant but subtle features 
lose their contrast because of decreased resolution or 
increased atmospheric interference. Information on 
linear features interpreted from Skylab imagery is similar 
to 1 inears on airphotos in terms of numbers and azimuths 
of linears. Average length of Skylab linears is signifi- 
cantly greater than those derived from high altitude 
airphotos. S190B photos can replace high altitude air- 
photo mosaics in applications where an unobstructed 
regional view is more important than very high resolution. 
The high resolution of the airphotos and the synoptic 
view of the space photos complement each other. 
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SKYLAB - LANDSAT COMPARISON 

Skylab S192 scanner images were compared to Landsat (ERTS) 
MSS scanner images of the same portion of the Anadarko 
basin (table 4 ). The Landsat images were made eleven 
days later than the Skylab images. 

No simultaneous Landsat-Skyl ab coverage is available for 
our test site. 



Skylab 



Landsat 

Sensor 

S 192 



MSS 


(SOO) 



.50-.60U 

Band 

3 (1) 

. 50- . 56(1 

4 

4 U) 

.S3-.61U 

4 

. 50- . 60(1 


5 (5) 

.S9-.67p 

5 

.60-.70U 


6 (7) 

.64-.76U 

6 

.70-.80U 


9 (20) 

1 .00-1 .22(1 

7 

.80-1 .1(1 

Format 

5" 8W Transparency 

9" 

6W Transparency 

Date 

2-12-73 


13 

-12-73 

Time 

1645 GMT 

1638 GMT 

Scale 

1 :790,000 

1: 

1 ,000,000 

Location 

Duncan , 

Okl ahoma 

Duncan, Oklahoma 


Table 4 . Skylab scanner - Landsat comparison 

Resolution and Contrast 


When using S192 images, we found it necessary to continually 
check images and i nterpretati ons against topographic maps. 
The resolution and contrast are generally so low that most 
details are not well defined. The contrast varies from 
band to band and, overall, visually approximates contrast 
on Landsat. However, the resolution of 5192 images, even 
though at a larger scale, is poorer than Landsat. There 
is considerably more electronic noise than is present in 
Landsat MSS data. 

Because features such as towns, roads, streams and lakes 
are more poorly defined in S192 data, it is more difficult 
and time consuming to orient and locate oneself than it is 
on the Landsat images. It is necessary to use overlays or 
maps even in somewhat familiar areas. Individual points 
of interest (natural features) can be located within 100 
meters on Landsat due both to definition of given features 
and to the clarity of their contexts. On S192, however, 
many natural features can be located only to within one 
half a kilometer. 
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Comparison of Linear Features 

I n terpre tat i on of linear features on 5192 scanner images 
is hampered by Tow resolution, low contrast, curved scan- 
lines and electronic noise. More often than not, it is 
impossible to distinguish natural linears from sectionline 
roads, highways, railroads, pipelines, powerline rights 
of way and other non-geologic linear features. Many linears 
are based on straight stream valleys or alinements of a 
series of stream valleys or series of outcrops or topographic 
features. Because such features are poorly resolved, the 
number and certainty of linears are reduced. Continual 
time-consuming checks must be made against maps when inter- 
pretation fails to discriminate geologic from cultural 
phenomena. 

Scanlines are prominent in 5192 images. These lines inter- 
fere with interpretation particularly in places where the 
lines overlay or are parallel to geologic linears and to 
sun azimuth. Also the tonal contrasts between scanlines 
and their continuity actually mask many small features or 
at least make interpretation difficult and ambiguous. In 
addition, scanlines tend to interrupt trends transverse 
to the 1 i nes . 

The fact that 5192 scanlines are curved adds difficulties 
not encountered with Landsat wherein scanlines are distinct 
but each line maintains the same azimuth across the frame. 

The 5192 lines are parallel to sun azimuth at one point, 
oblique at another and at a high angle to the sun at still 
other points. Scanlines vary in this same manner with 
respect to geologic and man-made trends, being parallel 
with one set of features in one spot and parallel to another 
set at a second point. As a result, the amount of inform- 
ation is lessened and interpretation is more difficult. 

The same and even more perplexing problems are encountered 
in line-straightened 5192 images because a geometric dis- 
tortion is introduced to the images that more than offsets 
the value of having straight scanlines. 

The two charts in figure 10 compare the numbers and azimuths 
of linears 4 km or more in length as interpreted on equiva- 
lent MSS and 5192 bands. In each case, the number and total 
length of linears are greater on Landsat. The distribution 
of linears is similar except for a greater number of linears 
between 50" and 70" on MSS band 4 (MSS-4) compared to 5192 
band 3 (5192-3) and a greater number at 85" to 95" on 5192-9 
compared to MSS-7. 
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geographic areas as seen on equivalent MSS and 
SI 92 bands. 

In summary, these two comparisons along with comparisons 
between the other MSS and S192 bands indicate there is no 
systematic difference in azimuth between comparable 
Landsat and Skylab images. The main difference is in the 
number and total length of linears interpreted from the 
two. Those S192 bands that better define topography and 
smaller stream segments (namely at longer wavelengths) 
are more similar to the MSS bands. MSS data are superior 
to S192 data for linears studies. 

Comparison of Reflectivities 

Visual comparison of Skylab S192 bands with landsat MSS 
bands for reflectivities of various surfaces and for 
relative contrasts indicates that the S192 bands and MSS 
bands listed below are the most nearly comparable. In 
addition, S192-4 is more similar to MSS-5 than to MSS-4, 
contrary to indications of listed sensor responses. 

S192-7 is listed as most nearly matching MSS-7. In fact, 
S192-8 and S192-9 are also nearly identical with MSS-7, 
but their contrasts are lower than S192-7. 
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MSS band 


Coinparabi e 
S192 band 

Other S192 
also comparable 

4 


3 


5 


5 

4 

6 


6 


7 


7 

8,9 

Table 5 
bands is 

This 
from a 

listing of comparable 
visual assessment of 

Landsat and Skylab 
photos . 


Bands 7 and 8 of 5192 for December 2, 1973 were not avail- 
able for comparison to the Landsat December 13 images. 
Comparison was made between S192-9 and MSS-7. These two 
bands show similar reflectivities. That is, the same 
features show light or dark on both bands. However, rela- 
tive contrast is significantly different so that some 
features are in higher or lower contrast in one image 
compared to the other. 

Bands 7, 8 and 9 of Skylab-2 on June 11, 1973 were com- 
pared to ERTS band 7 images of July 5, 1973. These com- 
parisons showed that S192-7, 8 and 9, and MSS-7 all have 
similar reflectivities and similar relative contrasts. 
However , selected local areas within the images have 
higher or lower contrasts than the same areas on the 
other bands. 

In comparing details of the S192 and MSS images, it is 
clear that some tonal anomalies are apparent in S192 that 
either do not appear in MSS images or are much more subtly 
expressed. For instance, an anomaly near Lindsay, Oklahoma 
is quite apparent on S192-3 and also appears on band 4. 

It is poorly defined on MSS bands 4 and 7 and is not 
anomalous on 5 and 6. Another anomaly, near Pooleville 
is easily defined; on SI 92-6, poorly defined on 3, 4, 5 
and is poorly delineated on MSS-7, not anomalous on 4, 5 
and 6. In addition, the Pooleville anomaly is also 
apparent on S192-11 and is a highly conspicuous anomaly 
on band 9. 


Comparison of Lithologic Features 

A band by band comparison of lithologic interpretations 
of the Duncan area at the southeastern nose of the Anadarko 
Basin shows favorable comparisons between scanner images 
from Skylab and from Landsat. The larger scale and narrower 
bandwidth of the S192 scanner allow some details to be 
mapped that may not be mapped from the MSS of Landsat. 
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However, the higher contrast and better resolution of 
Landsat increase the ease and speed of interpretation 
when compared to S192. 

As described in the paragraph on tonal anomalies above, 
there is some trade-off in visible features. For example, 
in figure 11 , features A and B were not interpreted 

from MSS-4. Area C is interpreted on MSS-4 as a stream 
valley eroded headward into the Hennessey shale, but this 
same area is mapped as an extension or outlier of the 
Hennessey on S192-3 and S192-4. The former interpretation 
more closely approximates the interpretation published on 
the state geologic map. The contact labelled D appears 
on all satellite interpretations within the Wichita group 
as this group is published on the state geologic map. It 
separates two areas of different erosion characteristics 
and probably marks the contact between Garber and Welling- 
ton formation equivalents. In some places the contact 
coincides with a sandstone labelled "t" on the state map 
and interpreted as basal Garber equivalent. 

Compared to MSS-4: 

One way in which S192 and MSS images complement each other 
on most bands can be seen at area E. The actual bed of 
the Washita River was interpreted on S192-3 and S192-4 
but not on MSS-4. However, the entire alluvial valley 
within which the river flows is seen on MSS-4, but not 
on S192. These i nterpretati ons confirm the judgment that 
S192-3 is more similar to MSS-4 than is S192-4. The inter- 
pretation of S192-4 more closely approximates the state 
map than S192-3, although all three interpretations give 
a reasonable picture of the geology of the Duncan area. 

The somewhat finer detail on the S192 interpretations is 
due primarily to larger scale, and is not a result of 
resolution, which is poorer than on the MSS. 

Compared to MSS-5: 

Comparison of S192-5 and MSS-5 (figure 12 ) shows the 
Landsat image to be s uper i or in most respects to the 
Skylab scanner. S192-5 displays details such as A and B 
but MSS-5 does not. Contact D more closely matches the 
state geologic map on S192 than on MSS. However, the 
overall structural, lithologic and morphologic picture 
is clearer on MSS-5. For instance, the Washita River 
valley (E) is well-mapped and continuous on MSS but is 
incompletely mapped on S192. Nosing in the lithologic 
pattern at F is quite apparent although generalized on 
MSS, but is not at all discernible on S192. Moreover, 
the locations of cities and major towns can be found on 
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Figure 12 . Lithologic interpretation from Landsat MSS 
band 5 compared to Skylab S192 band 5. 
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MSS but are not visible on S192-5. 

Compared to MSS-6: 

Band 6 of both scanners reveals a picture radically dif- 
ferent from the bands discussed above (S192-3,4,5; MSS-4,5) 
Broad lithologic patterns are easily interpreted from 
those bands. Hov/ever, band 6 reveals morphologic features 
much better than these other bands. River valleys, slopes 
and uplands can be seen in fair detail ani such details 
obscure patterns dependent on regional bedrock distribution 
As one example, (see figure 13 ) the valley of the Washita 
River and its tributaries (E) is plainly mapped in detail 
on band 6 of both scanners. In fact, almost the entire 
mapped area consists of interpretations of streams and 
topographic breaks such as D. S192-6 preserves features 
A and B as noted on bands 3, 4 and 5. S192-6 contains 

more detail than MSS-6. Note, for instance, area F. This 
band is best used in conjunction with another band that 
better resolves lithologic differences. MSS-6 is truer 
to published maps than is S192-6. Gross lithologic 
differences are somewhat clearer and most morphologic 
features such as stream valleys are more detailed and 
complete on MSS-6. Moreover, resolution and contrast are 
better on MSS-6. Overall, MSS-6 is preferable to S192-6. 

Compared to MSS-7 : 

Of the three S192 bands that fall within or overlap the 
portion of the spectrum covered by MSS band 7, only band 9 
was available for comparison to the December, 1973 Landsat 
images. These bands emphasize the same kinds of features 
that are prominent on band 6 of S192 and MSS. Morphologic 
features such as streams, valleys and topographic breaks 
are emphasized and 1 i thol ogi c contrasts are subdued. 
Riverbeds and minor stream valleys are more prominent on 
S192-9 than on MSS-7 although lakes and lithologic 
contacts are better defined on MSS-7. Contrast is a bit 
stronger on S192-9 than on MSS-7, but the latter is pre- 
ferable for lithologic interpretation because of higher 
resolution and better discrimination of lithology. 

MSS-7 dated July 5, 1973, was compared to S192-7, 8, 9 
of June 11, 1973. Contrast seemed highest on S192-7 
although careful comparison shows that contrast may be 
higher or lower on one band or another for given features. 
Overall, all these bands produce similar lithologic inter- 
pretations. MSS-7 is preferred because of higher resol- 
ution of features. Roads, lakes, fields, major stream 
valleys are all much better defined on Landsat than on 
Skylab. 
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Figure 13 . Lithologic interpretation from Landsat MSS 
band 6 compared to Skylab S192 band 6. 













Figure 14. Ldndsat images (top) compai 
Left: MSS-4 and S192-3. Right: MSS-: 



ed to similar Skylab images, 
and S192-9. 
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4 

(S192) 

3 

MSS 
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substitute 

4 

4 

MSS 

S192-4 

tl 

5 

5 

MSS 

MSS-5 Definitely 

superior 

6 

6 

MSS 

S192-6 adequate 

substi tute 

7 

9 

MSS 

S192-9 

II 

Table 6 

Sky lab 

S192 and 

ERTS MSS compared for geologic 

i nterpretat ion . 





Summary 

S192 data have the distinct advantages of multiple, 
narrowly defined bands with an extended look well beyond 
the visible into the infrared. The Landsat (ERTS) MSS 
images are superior in terms of resolution or definition 
of features, offer less difficulty with scanlines and 
allow much greater ease of interpretation and economy of 
time than the S192 images. 
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GEOLOGICAL STUDIES 



LINEARS 


Skylab images reinforce the results of our earlier ERTS 
studies and refine many details. Faults can be precisely 
located and their sense of displacement sometimes described. 
The orbital imagery forces us to take a fresh look at 
older data and to compile new information. Figure 15 sum- 
marizes the azimuths of linears interpreted from S190A and 
B photographs and S192 scanner images. 
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Figure 15. Equal-area semi-circular histogram of orienta- 
tions of Skylab linears in the Anadarko Basin. Total 
number of linears = 1123. These orientations are essen- 
tially the same as those determined in Collins ^ al . ( 1 974). 
Refer to figure 16 for a direct comparison of this study 
withCollinsetal.1974. 


A preliminary test of the validity of Skylab linears was 
made using a single frame (S190B, 90-144) at 1:250,000. 
The linears were compared to faults interpreted from four 
lines of recona i ssance seismic data. Orientations of 
faults are difficult to determine from such data. The 
linears were also compared to proprietary subsurface 
structure maps based on drilled stratigraphic units. 
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Faults 

Linears 


Match 

No Match 

Sei smi c 

21 

11 

Drilled 

4 

3 


Table 7 . We compared Skylab linears to 39 known sub- 
surface faults. Twenty-one faults interpreted from 
seismic data are marked by linears. Fifteen linears 
closely approximate the seismic trends. Six others 
are oriented 20°<45° to the seismic faults. Only seven 
drilled faults occur in the area. Four are marked exactly 
by Skyl ab 1 inears . 


Skylab linears showed good agreements with the mapped sub- 
surface faults (table 7 ). However, the linears cannot 
be said to be diagnostic of faulting, particularly in view 
of the fact that there are hundreds of other linears. The 
linears associated with faults are mostly parallel either 
with major directions of faulting and fracturing or with 
regional linear trends, and to this extent are distinguish- 
able from many others. 



ERTS ( Landtot ) Lintari 
Colllni 1974 

n=:28l7 


Skylab l.in«ort 
Thit Study 
n= 1123 


Figure 16. Rose diagrams comparing the orientations of 
Landsat linears with Skylab linears. Radii are directly 
proportional to the number of linears in each 10° class. 
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Figure 16 shows that the linear trends visible on Skylab 
match those seen on Landsat. The small discrepancies 
between the two plots are probably accounted for by the 
fact that time of year, and therefore sun angles and 
azimuths, was significantly different on our Skylab 
images (Appendix C ) when compared to ERTS appendix A 
(Collins, 1974, p.l26). This comparison reinforces our 
confidence in the geologic basis of the linears. Further- 
more, it indicates that sensor type generally has a minimal 
influence on the pattern of visible linears and that sun 
illumination conditions have a surprisingly small effect 
for this region of low dip and subdued topography. 

The relationship between Skylab linear trends and Anadarko 
Basin tectonics is not clear. It is clear however, that 
they coincide with major joint directions. The N80W joint 
direction is more prominent than shown in our ERTS linears 
illustration (Collins, 1975, figure 9) but Skylab shows 
this trend somewhat better (figure 16). 

The Skylab interpretations emphasized the validity of the 
north-south peak discussed in our ERTS study (Collins, 

1974, p.65) and shown here in figure 16. Also, our field 
work continued to show that although north-trending joints 
have a lower frequency than other major joint directions, 
their surface expression is more profound. North-south 
joints are usually more continuous, more distinct and 
certainly have greater topographic expression than most 
others, thereby having greater expression on space acquired 
images. 

The high resolution of Skylab photos enabled us to spec- 
ifically interpret several linears as faults. Some of 
these linears were not even noted on Landsat. Others were 
very generalized and were simply treated as major trends. 

Two faults were mapped precisely from S190B in T.7N . -R.24W. , 
Greer County, Oklahoma (figure 17). They appear on the 
state geologic map. See map 3 . Field checks showed the 
faults are marked by breccia, patches of bleached redbeds, 
selenite veins ( recrys tal 1 i zed gypsum occupying joints), 
many small folds, and many small i n traformati onal imbricate 
thrust faults. Skylab indicates a third fault trending 
northeast and truncating the two mapped faults. This linear 
has the same characteri sti cs on the image as the faults. 

A field check did not precisely define this fault. However, 
its existence seems verified by the few, poor outcrops all 
of which had some discoloration, local dips of 2® to 5® 
(regional dips are <1®), and were shot through with selenite 
veins. 
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Figure 17 Two surface faults southeast of Erick, Oklahoma were mapped from 
Skylab 190B prints. They are shown herein on map 3 . On Skylab images these 
two faults’ appear to be truncated by a third fault trending N50E. A field 
check confirmed the existence of this fault. Skylab photos for the first time 
reveal a complex surface expression of the Beckham County Fault. A field 
check confirmed the existence of surface faulting along southern Turkey Creek. 
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Figure 18 . Three interpretations of faults in Beckham County, 
Oklahoma. Top: The Beckham County Fault as seen on Landsat 

(1257-16473). Middle: Beckham County Fault according to 

Gouin tjn Oil and Gas in Oklahoma ( 1 928), Bottom: Interpre- 

tation of basement faults by Ham e^ (1964). Contours 
are on top of basement rocks. Compare these interpretations 
to Skylab S190B interpretation in figure 17 . 
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The Beckham County fault (figure 17) is clearly distinguish- 
able on Landsat. S190B photos seem to show that this fault 
is offset by a series of normal faults, giving it a jagged 
appearance that is seen as a wavy boundary on Landsat. 
Although the Beckham County Fault was long ago defined from 
water well data (Oil and Gas in Oklahoma, 1928) and is rep- 
resented as a basement fault (Ham, 1964, Plate II), appar- 
ently it has not been studed in detail at the surface. 

Refer to figure 18. Skylab shows soil color contrasts from 
east to west along Turkey Creek in T.8N. and T.9N.-R.24W. 

The contrast was borne out by field checks that showed red 
residual soils on the east where bedrock is apparently 
close to the surface and gray on the west where the soils 
are deeper and composed of alluvial and eolian clays and 
sands. A single good outcrop along this trend exposes 
discolored, disturbed beds with dips up to 20''. Strata 
are cut by selenite veins. 

The Mountain View Fault, a major regional fault of the 
Wichita Mountain system was undetected on Landsat. Portions 
of it show quite well on S190A and B. It is a zone of 
many small linears, topographic breaks and alinements, and 
soil color changes, all readily apparent on Skylab. 
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Figure 19. Circular diagram indicating the number and 
azimuths of sandstone dikes located in central and north- 
western Anadarko Basin. 


Field work for our ERTS and Skylab studies brought to our 
attention many sandstone dikes, apparently of tectonic 
origin. We have not had occasion to study the dikes care- 
fully. However, there is no direct evidence of them on 
Skylab. Their frequency and direction (figure 19) do not 
fit exactly either with remotely sensed linears or with 
compiled joint data. The significant point here is that 
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these dikes have apparently been overlooked or dismissed 
out of hand in the past. Satellite data have shown us 
areas or features we thought needed field checking. This 
new look and stimulation have brought to our attention 
features such as the sandstone dikes, selenite veins, 
zones of disturbed bedding and brecciation. Hopefully 
these features eventually will lead us to a better under- 
standing of the age and mechanics of tectonism in the 
Anadarko Basin. 
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ANOMALIES 


In General 


Geomorphic anomalies are the most common type of anomaly 
on Anadarko Basin images. Most of these, in turn, are 
drainage anomalies or patterns. The most common anomalies 
in our earlier ERTS study (Collins, 1974) were subcircular 
and arcuate, most of which have proved to be drainage 
patterns, combinations of geologic features and fortuitous 
arrangements of non-geologic features. Skylab's high 
resolution reduces ambiguity, thereby eliminating many 
fortuitous { non-geol ogi c ) anomalies and increasing 
certainty about the nature of the remaining anomalies. 
Figure 20 shows the Skylab anomalies in the central 
Anadarko Basin. 

In certain areas, where the surface is maturely dissected 
and contrast is relatively high, drainage patterns can 
produce an abundance of apparent anomalies such that 
they are generally meaningless. Easternmost Roger Mills, 
northeastern Custer and southernmost Dewey Counties 
(R.17W. to R.21W. and T.14N. to T.16N.) in particular 
showed an overabundance of circular, arcuate and drainage 
anomalies. In such areas, the high resolution of Skylab 
photos presents difficulties for interpretation. The 
great number of visible details actually creates ambi- 
guities and false anomalies. Only by taking a second or 
third, close look and by careful checks against airphotos 
can the more substantial anomalies be determined. In 
these areas of dense dendritic drainage networks, detailed 
drainage and fracture analysis are much more fruitful 
than reconnai ssance interpretation for broader anomalies. 

The Reydon, Oklahoma area is another site of multiple 
anomalies. These anomalies all overlap and cover an area 
of about one township just west and north-west of Reydon. 
All the anomalies seem to have a sound basis in real 
surface features and are seen on different photos. There 
are also several Landsat anomalies at Reydon. This is a 
site of current high interest for gas exploration. 

The area just west of Reydon is now developed as a gas 
field. No strong subsurface structures have yet been 
mapped northwest of town that can be related to the surface 
features. However, these overlapping anomalies may give 
a good indication that the field can be extended northward 
if the anomalies can be tied to other geologic conditions. 
It is possible that the Reydon site fortuitously contains 
many features that, when combined, merely seem to be real 
and anomalous. Closer study seems to indicate otherwise. 
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Classification and Analysis 

We compared Skylab anomalies with hydrocarbon fields and 
structures known from seismic and structural information 
and with anomalies reported in our ERTS study (table 8 ). 
There are 107 anomalies in the central and deepest portion 
of the basin, the only portion with several complete 
image sets. Anomalies were typed as arcuate (includes 
subcircular and arcuate), geomorphic, textural, tonal, 
topographic and linear zones, There is much less inform- 
ation available on the central basin than on all other 
areas mainly because the deepest parts are untested by 
the drill. Altogether 48 anomalies coincide with known 
structures or producing fields, 59 do not. We emphasize, 
however, that 29 anomalies occur within the untested 
portion of the basin. After all anomalies are tested, 
the ratio of 48:59 should change significantly to the left. 


Anocialy 


i (A) 

Coincide with 



Circular only 

Type 

Total 

(B) 

(C) 

ratio 

(arcuate type 

O/G Field 

Orv Struc. 

No Features 

A+B;C 

el inlnated) 

Seoiiiorphi c 

39 

8 

6 

25 

14:25 

1 

fWVT3 

Arcuate - 

Subci rcul ar 

31 

10 

6 

15 

16:15 

10:8 

Tonal 

19 

8 

2 

9 

10:9 


Topographic 

9 

4 

0 

5 

4 : 5 


Textural 

6 

1 

2 

3 

3:3 


Linear Zones 

3 

1 

1 

1 

2:1 



Table 8 . Comparison of Skylab anomalies of the central 
Anadarko Basin with geologic features of interest for 
exploration. This sample indicates that completely closed 
anomalies are most reliable for picking prospects. In 
general, they are more vaguely defined than the arcuate 
types. Many of these anomalies occur in the central 
basin which is essentially unexplored by the drill. 


Arcuate (and/or near-ci rcul ar ) and tonal anomalies have 
the. highest correlation with known features of exploration 
Interest. There are 31 arcuate anomalies. Sixteen match 
known features. It should also be noted that 14 of the 
total of 31 occur in untested areas of the basin. Only 
two of the fourteen match inferred structures. 

Ten tonal anomalies correlate with significant features. 
Most of these anomalies are associated with stratigraphic 
fields. Nine tonal anomalies are unrelated to any features 
The causes of tonal anomalies are generally obscure, but 
most seem to be associated with soils and vegetation in 
stream valleys and at stream junctions. Others relate to 
exposures of sandy soils on flat uplands or vegetation on 
such lands. 
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Our geomorphic and arcuate classes can both be subdivided 
into geometric classes roughly described as arcuate and 
circular. The arcuate types were found to consist mostly 
of drainage patterns. Circular or subcircular anomalies 
usually consist of two or more features such as an arcuate 
topographic break continuous with an anomalous arc in a 
stream valley or with an arcuate tonal linear. 

Upon reel assi fyi ng geomorphic and arcuate anomalies by 
their geometry we found the greatest correlation of 
anomalies to significant features is within the vaguely 
circular type. Refer to the right-hand column of table 8 • 
Twenty of 41 circular anomalies coincide with known features 
and only ten of 29 arcuate anomalies do so. The arcuate 
types on Skylab photos seem to be related more to fortuitous 
stream patterns than to underlying geologic structures. 

In fact, our ERTS study indicated the opposite. Arcuate 
anomalies outlined such major features as Mobeetie, Elk 
City (Collins, 1974, p.98, 102) and the $W Buffalo to NE 
Selman area (Collins, 1975a, illus. 39). 

Compared to Landsat 

Most Skylab anomalies do not coincide with anomalies derived 
earlier during our ERTS study. This lackof correspondence 
is probably the result of complex interaction of several 
factors. First, the higher resolution of Skylab photos 
has several effects. Most features are more clearly defined 
than on Landsat images and 1 nterpretations are less ambiguous 
thereby eliminating some anomalies. This is especially 
true of the numerous circular (closed) anomalies from ERTS. 
Other anomalies are simply lost on Skylab amid the "noise" 
of fine detail. Second, "hazy" anomalies as a class are 
lost on Skylab. Third, we simply did not have the same 
frequent coverage under a variety of conditions that we 
had for ERTS. Seasons, time of day and sun angles are 
significantly different between the Skylab and the ERTS 
passes. Fourth, only two of the 107 Skylab anomalies 
considered here were derived uniquely from scanner data. 

All our ERTS anomalies, of course, are from a scanner. 
Moreover, the low resolution and high noise content of 
the S192 scanner greatly reduced usefulness of the images. 
Fifth, the Skylab data, including S192 scanner data, are 
all .very different from Landsat data and thus emphasize 
certain natural features and obscure others that Landsat 
does not. 
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Skviab type 
Geomorphi c 
Arcuate 
Geomorphi c 
Arc . , Tonal , Topo . 
Various ( 5 ) 


Matchi ng 
ERTS type 

Geomorphic 

Arcuate 

Arcuate 

Geo. , Arc. , Hazy 
Hazy (2) 


Total 

4 

5 

6 
6 

(5) 


Total 26 


Table 9 . Twenty-six of 107 Skylab anomalies match ERTS 
(Landsat) anomalies as shown in Collins^^ £l_. 0974). 
Improved resolution permitted redefinition of six arcuate 
anomalies (denoted as "closed" in Collins, 1974) as 
definite geomorphi c. anomal i es . 


Twenty-one Skylab anomalies coincide with our ERTS 
anomalies and five others fall within two larger "hazy" 
anomalies (table 9 ). in general, Skylab and ERTS 
anomalies match type for type. The main difference is 
that six anomalies earlier classed as arcuate (closed) 
were defined as geomorphic when more detail was encountered 
on Skylab images. The coincidences have increased our 
confidence in these particular anomalies. In fact, some 
have been successfully drilled by other companies since 
our ERTS project began. This is, once again, a demonstra- 
tion of the utility and- value of mul ti spectral -mul ti sensor 
data. Many anomalies can be located by Skylab that are 
undetectable from Landsat and vice versa . Some anomalies 
can be verified, reinforced, refined, or eliminated by 
multiple techniques and tools. Where both Skylab and 
Landsat data are available both should be used. 


Anomalies of Individual Interest 

Turkey Creek: 

The anomaly at Turkey Creek in T . 1 8N . -R . 22W . , Ellis County, 
Oklahoma has been of particular interest since early in 
our ERTS study. This location was marked aS an extension 
of a large hazy anomaly (Collins, 1974, p.93). On Skylab 
(S192, S190A,B) it appears as a tonal and topographic 
bull's-eye similar to the Buffalo Wallow anomaly (Collins, 
1974, p.l02). Interpretation on S190B at 1:100,000 
(refer to figure 21) shows deflected and partly radial 
drainage around a topographic high. Within the anomaly 
there is a slight difference in the density of vegetation 
with no apparent soil color anomaly. The wells within the 
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anomaly all produce from Morrow (lower Pennsylvanian) sands. 
There is no appreciable local subsurface structure, al- 
though this field is associated with a slight regional 
anticlinal nose. The three central wells had an average 
calculated absolute open flow (CAOF) potential of about 
6300 thousand cubic feet of gas per day (Mcfgpd). The 
westernmost well on the periphery of the anomaly had a 
CAOF of only 1200 Mcfgpd. If the anomaly closely defines 
probable production, we might expect the two current 
locations to be producers with a chance of fracture poro- 
sity in the northeast location. These wells were all 
drilled after the start of our ERTS study, indicating 
the potential of carefully selected anomalies. 

In some respects the Turkey Creek anomaly is similar to 
several other significant anomalies. It has a central 
bright area within a surrounding darker area just as 
Buffalo Wallow on Landsat. It is a topographic high 
surrounded by anomalous drainage similar to Aledo and 
Leedey as seen on Skylab. 


23 W 22 W 



Figure 21 . The Turkey Creek anomaly as interpreted 
from SL-4, 90-144 Earth Terrain Camera at scale of 
1 : 250,000. 


Leedey : 

Part of the Leedey anomaly is spurious. The central part 
is a dark vegetation "anomaly" that seems to be simply an 
uncultivated area, a fact not apparent on Landsat or S192 
scanner imagery. The light soils do not show through on 
this pasture land as well as they do in cultivated areas. 
On the other hand, this is a rolling upland in an other- 
wise wel 1 -di ssected , almost badlands area. The town of 
Leedey occupies another such comparative flatland. The 
drainage is not in a definite radial pattern although in 
detail at valley heads it probably approaches a radial 
pattern. The diviJe between Canadian River drainage and 
Washita River drainage to the south runs anomalously 
east-west at this location. Refer to figure 22. At 
present, the center of a small structure is interpreted 
to underly the 1970 discovery gas well. This well had 
an initial production (IP) of 17 million cubic feet of 
gas per day with a CAOF of 56 million. It produces from 
the llunton limestone of Devonian age. Total depth is 
16,892 ft. In June of this year (1975) a small oil well 



Figure 22. The Leedey anomaly coincides with 
a structure centered belovi the gas well. The 
anomaly as outlined on Sky'lab photos encloses 
both the 1970 gas well and the oil well, 
completed in 1975. 


(36 BOPD) was completed in upper Pennsylvanian Tonkawa 
sand at 8245-8307 ft. The Hunton was not tested. Both 
wells are marked in figure 22. 

This anomaly is within the area of dense dissection, 
described above, where there are many apparently spurious 
circular and arcuate anomalies. Only careful drainage 
analysis will sort prospects such as Leedey from spurious 
anomalies. Drainage analysis can be done from S190B 
photos, but is best done on good aerial photographs. 

Elk City: 

The large Elk City oil field is marked by an unimpressive 
anomaly. On S190A at 1:700,000 it was recognized as a 
circular tonal anomaly on one band and as a vaguely 
circular feature associated with deflected drainage on 
another band (figure 23). On S190B at 1:250,000 and 
1:100,000 the Elk City field was noted only during detailed 
drainage analysis. The site is occupied by an anomalous 
stream bend whose tributaries drain the surface in a 
radial pattern. The outcrop pattern as seen from Skylab 
is not clearly indicative of the subsurface anticline. 

Southeast Cheyenne: 

The area in southern Roger Mills County near T.12 and 13N.- 
R.22 and 23W. (figure 24) has shown enough promise to 
warrant several wildcat operations. The anomaly consists 
of arcuate drainage in the Beaverdam Creek - Sandstone 
Creek basins and is a topographi cal ly low area partly 
embayed into the upland on the south, which seems to 
indicate structure at depth. The deepest hole went to 
20,350 ft. All holes have been dry with the exception 
of non-commercial shows below 13,500 ft. in the deep 
hole. The area is outlined by residual gravity anomalies 
and has two airphoto anomalies. There are two faults 
postulated for this location. The azimuths of the linears 
are compatible with the general patterns of faulting in 
the area. However, drilling has not proved these faults 
nor defined any structural feature. A test is currently 
drilling just to the west below 7000 ft. and should help 
give a better picture of the remaining possibilities with- 
in the anomaly. 


Summary 


Skylab images provide several kinds of anomalies. Closed 
subcircular geomorphic anomalies show the highest cor- 
relation with features known to be associated with hydro- 
carbons. In areas of mature dissection there are many 
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Figure 23 .The Elk City anomaly that is prominent 
on Landsat (ERTS) images (C) is an indistinct, un- 
impressive anomaly appearing only on certain S190A 
bands and passes (D). The interpretation shown as 
(D) is from 241 mm (9 in.) color film, S190B color 
prints from August (A) and December (B) 1973 do not 
show an obvious anomaly although analysis of the 
i nterpretati ons gives some hint of an underlying 
structure. Interpretations (A) (B) and (D) demon- 
strate the effects of differing sensors, scales, 
atmospneric conditions, sun angles end seasons. 

(D) provides the most general lithologic interpre- 
tation. (A) is far superior to the others for 
drainage studies. Although (A) provides greatest 
apparent lithologic detail, the most accurate 
interpretation was done from (B). 









spurious anomalies. Care must be taken to select true 
anomalies by drainage and fracture analysis. When compared 
to anomalies derived from Landsat images, Skylab anomalies 
are fewer. The high resolution of Skylab photos permits 
some Landsat anomalies to be eliminated. The geologic 
basis of others is made clear and confidence in the anom- 
alies is increased. The mul ti spectral -mul ti sensor capa- 
bility of Skylab enabled us to perform detailed studies 
on individual anomalies. Such analysis aids the selection 
of prospects. For example, the Turkey Creek and Leedey 
anomalies were found to be substantial and worthy of 
further investigation. Elk City would have been overlooked 
save for its character on Landsat. The Reydon anomalies 
are confusing ^nd would be of lower priority fcr continued 
interest as part of an exploration program than either 
Leedey or Turkey Creek. The status of Southeast Cheyenne 
remains uncertain even after several tests have been drilled. 



Figure Z4 . The Southeast Cheyenne anomaly is an arcuate 
geomorphic type. It seems to be a promising anomaly. 
However, several tests have been drilled and all are dry. 
Only the 20,350 ft hole had a significant but non-commercial 
show. 
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CONTRIBUTIONS TO GEOLOGICAL MODEL OF THE ANADARKO BASIN 


Virtually everyone who has used Skylab or Landsat data 
for geological exploration has commented on the value of 
synoptic coverage provided by these systems and the wealth 
of previously unreported linear features observed in the 
imagery. Both observations certainly apply to the Anadarko 
Basin (Collins et al . , 1974) . 

The generally accepted model of the Anadarko Basin is that 
of a large west- northwest plunging syncline with much of 
the structural relief on the south flank provided by 
reverse faults down- to-t he-north . In this model the 
north flank is visualized as gently downwarped with a 
few faults and minor folds being important from the 
detailed exploration standpoint, but affecting the overall 
structural picture very little (figure 1). 

Skylab and Landsat imagery both indicate the presence of 
numerous long lineaments in the northern part of the basin. 
Field checking indicates that along many of these features 
there is evidence of fracturing in the form of small 
faults, deformed beds, steep dips, sandstone dikes, 
selenite veins, breccia, contorted gypsum beds, increased 
jointing, and persistent joint sets. Many of these 
features were previously known but unmapped. This is a 
natural consequence of exposures being widely separated, 
limited in extent, and rather poor. Also, thick Permian 
salt and gypsum beds are known to underly much of the 
basin and are believed to have been much more extensive 
in the past. Hence, it is widely believed that much of 
the disturbance seen at the surface is related to collapse 
as the result of solution of the evaporite rocks. These 
features appeared to be isolated, randomly distributed 
and unrelated to the overall structure of the basin and 
consequently were left unmapped. 

Undoubtedly, many of these features are related to 
solution collapse (Jordan and Vosburg, 1963). However, 
comparing the lineaments seen in the space imagery to 
Jordan and Vosburg's maps (Collins, e_t . , 1 974) one 
is impressed with the fact that a significant amount of 
salt solution could be related to lineaments. Further, 
using the lineament maps constructed from the space imagery 
as-a guide, we found during field checking that many of 
these supposedly unrelated structural disturbances lie 
along lineaments. Thus, the Skylab and Landsat imagery 
seem to bring some order out of what previously was thought 
to be chaos. 

The next question was, what was the relationship of these 
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surface features to the rocks beneath the post-tectonic 
late Pennsyl vani an-early Permian unconformity? Or do 
these surface features have any relationship to older 
features of interest to petroleum exploration? Upon 
comparing the lineament maps to the records of several 
regional seismic lines, we found substantial correspon- 
dence between lineaments and faults indicated by the 
seismic data. The correspondence is not one-to-one. 

However, the correlation seems to be stronger for longer 
lineaments than for shorter ones, which suggests one 
means of separating important lineaments from trivial 
features . 

The coincidence of these inferred fracture zones with 
known structural features of the basin suggests that 
faulting may have played a major role in the development 
and present configuration of the north flank of the 
Anadarko Basin. This is not to say that folding and 
warping are not present or important, but rather to 
suggest that it may be useful to explore portions of the 
basin with the idea that the structural closures being 
sought (either fold or fault created) may be more closely 
related to faulting than to simple flexure. There is 
some evidence that specific features that are known as 
folds at the horizons where they are producing are, in 
reality, fault blocks at depth, and the folds are the 
result of drag on the bounding faults and sediment 
drape over the fault bounded features. 

Recently, some workers have suggested that the Anadarko 
Basin is an incipient rift zone (in terms of plate tectonics) 
that never really fully developed. This model implies 
that there may be a significant amount of strike slip 
faulting, but no single fault would show any great amount 
of displacement. Further, normal faults should make up 
much of the structural framework of the basin. This type 
of tectonic environment can produce the types of features 
traditionally associated with vertical tectonics and more 
recently suggested to be associated with wrench fault 
tectonics (Lowell, 1969 and 1972). These features would 
include folds and associated reverse faults whose dips 
increase with increasing depth. This type of deformation 
seems to be present along the southern flank of the basin, 
but the axial trough and north flank of the basin seem to 
be controlled by normal faulting (figure 25). 

Confirmation or disproof of this hypothesis and the 
development of a realistic integrated geologic model of 
the Anadarko Basin will require integration of the wealth 
of geological and geophysical data that presently exists 
in widely scattered depositories. Nonetheless, it is 
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Figure 25 . Schematic cross section of the Anadarko 
Basin as hypothesized from satellite imagery. 


V. SPACE IMAGERY IN AN EXPLORATION PROGRAM 




SPACE IMAGERY IN AN EXPLORATION PROGRAM 


Remotely sensed geologic data certainly do not provide a 
means of directly locating hydrocarbon deposits. Skylab 
and other data collecting platforms are a means of invest- 
igating surface features only. Such data extend our know- 
ledge of geologic phenomena beyond visible features. The 
S192 scanner, with its capability of sensing thermal infra- 
red wavelengths, extends exploration possibilities into 
night time hours. This new knowledge is integrated with 
other geologic information to derive a "picture" or hypot- 
hesis concerning subsurface geologic conditions. Satellite 
data become useful in this manner only when manipulated, 
studied and integrated by skilled, creative interpreters. 
Otherwise, the images and tapes remain curiosities. 

Skylab imagery provides a new data base for petroleum 
exploration. Only the Landsat (ERTS) satellites before it 
have been widely used on a regular, formal basis in explor- 
ation. The nature and variety of Skylab data facilitate 
their incorporation into several aspects or stages of the 
exploration process. The orbital viewpoint of Skylab is 
a definite advantage for regional studies, providing large 
areas on single images. This enables users to see the 
"forest" instead of the "trees", perceiving interrelation- 
ships instead of details of geologic features. In addition, 
Skylab provides high resolution color photographs in some 
areas that previously had not been photographed. 

Four General Methods of Using Skylab Data 

Regional geologic reconnaissance can be performed quickly 
and efficiently and without the problems inherent in large 
photo mosaics. Satellite data are particularly useful in 
areas where little or no exploration has been undertaken 
or in areas that a company i s. enteri ng for the first time. 
Even in well known areas, the unique perspective provided 
by space imagery may permit formulation of new hypotheses, 
alteration, extension or refinement of earlier studies 
or discovery of previously unknown geologic features. In 
other words, one fundamental use of Skylab data is the 
establishment of a data base upon which further exploration 
can be conducted. The structural setting of an area, rock 
types and their distribution, climate, vegetation, topo- 
graphy, access and availability of facilities such as roads, 
rails, towns, pipelines, water can all be determined to a 
satisfactory degree, particularly where S190B photos are 
available. Exploration can be focused on anomalies or more 
local, promising areas providing savings in time, manpower 
and other resources. 



A second method employs the Skylab images in detailed 
analyses of existing prospects and of promising areas 
identified earlier from regional imagery studies. In 
the former use new insights often can be gained, particularly 
when there are gaps in existing data or when problematical 
interpretations need be clarified. For instance, in a case 
where the existence of a fault has been determined by 
subsurface methods but where information on a continuation 
or termination of the fault is lacking, surface clues can 
often be found to guide further drilling. In addition, 
when promising areas have been located on a regional 
imagery i nterpretati on , additional information can be 
gained by several means. First, careful study alone, con- 
centrated on a restricted area, will provide more detailed 
information on the site. Other information can be gleaned 
by manipulating the scale or format of an image. Application 
of enhancement techniques will speed up interpretation and 
perhaps supply some new information. Certainly, once a 
site has been selected for further consideration, usually 
on the basis of only one or two images, a multiband approach 
then can be taken to glean additional insights. 

A third, and perhaps most important use of space-acquired 
data is the use of the data as an integral part of everyday 
exploration. As new ideas or information are generated 
the space data and other data are checked one against the 
other for evidence that might confirm, modify or deny the 
hypothesis. This process provides continuous feed back of 
ideas and information. We believe this process will 
provide the greatest long term benefit from space-acquired 
imagery. 

Fourth, Skylab images provide a perfect base for study and 
analysis of all existing data on a prospect. The imagery 
is an excellent mapping base and display base for discussion, 
particularly of regional data. 

Examples 

Skylab in New Exploration Areas: 

Many areas of recent exploration interest are either unmapped 
or have been mapped -long ago only in a general way. The 
prime use of satellite data in an unmapped province is to 
provide a reconnaissance geologic map as the first step, 
the very basis of further exploration of the area. Frequently, 
such maps are the first and only information until further 
study is done. 

Important structures and tectonic elements frequently can 
be (and have been) mapped that previously were unknown. 
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Refined interpretation is done next from the satellite data 
to fill in details and provide new insights into the struct- 
ural and tectonic elements found in the reconnaissance 
interpretation. Study can concentrate on interesting 
structures, lithologic features and anomalies to determine 
if further studies are warranted. 

If earlier reconnaissance mapping exists, Skylab images 
can have several uses. High resolution photos by the Earth 
Terrain Camera (S190B) can be used to add significant 
detail. Moreover, most reconnaissance maps can usually be 
altered to provide more definite ideas on the nature and 
location of lithologic contacts, geomorphic features, 
drainage patterns and continuations or terminations of 
structures. 

The synoptic view from satellites permits studies of an 
exploration province to be extended easily into adjoining 
tectonic provinces. A given province is never entirely 
free of the effects of tectonism in nearby areas. An 
understanding of the relations of one province to another 
can have a significant effect on the geologic picture of 
the area and therefore on exploration strategy. The new 
satellite data also can be used to reinterpret older 
reconnaissance maps in terms of newer theories and hypot- 
heses of tectonics, deformation and sedimentation. 

Skylab in Explored Areas: 

Skylab data can be integrated in several ways with other 
data on an explored petroleum province such as the Anadarko 
Basin. Anomalous features can give leads to promising 
locations within the basin. Individual linears can be 
studied and compared to other geological and geophysical 
data to determine what, if any, significance they have for 
exploration. Clues to local subsurface structures can be 
found when linears are studied statistically in light of 
hypotheses on fracture formation and fracture analysis. 
Studies by Podwysocki (1974a) and Podwysocki and Gold (1974b) 
are examples of linears analysis for subsurface structures. 
These methods are generally used on localized prospects. 

Even in well known areas, the new information derived from 
Skylab can produce new hypotheses on regional geological 
aspects. For example, section IV of this report gives the 
beginnings of our own reevaluation of the Anadarko Basin. 

New insights into the tectonics of a basin may lead to 
recognition of new structures and structural trends and 
stratigraphic features having hydrocarbon potential . Newly 
recognized structural elements can then aid in exploration 
for stratigraphic traps once the effects of the structures 
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on sedimentation are clarified. 

Uses of Skylab Advantageous in New or Old Exploration Areas: 

In any exploration province, new or old, satellite data 
can play a significant role in exploration strategy. Man- 
power and monetary and physical resources are conserved by 
seitting priorities on the basis of the satellite information. 
Onice the areas of highest interest are delimited, explor- 
ation is concentrated there. In a well known area where 
other information is in hand, leasing may be the next step, 
followed by detailed seismic work. In a new exploration 
area, the next steps may include aeromagnetic and gravity 
surveys accompanied by field mapping. Reconnaissance 
seismic data might be gathered next. 

Use of the Skylab data is an effective means of guiding 
the collection of geophysical data in new and old explor- 
ation provinces. In a new province, efforts would be 
limited to specific areas of highest priority. In old 
and new areas the location, spacing and direction of 
geophysical data lines can be determined at least partially 
from trends and features derived from remotely sensed data. 

The next step involves integration of all data to solve 
some of the ambiguities in the satellite interpretations, 
geological studies and geophysical data. A number of 
choices can be made at this point. Leasing may be done, 
further geophysical or geologic work may be called for, 
the prospect might be dropped or the area may be surveyed 
for an actual drillsite. 

In any case, time, money and manpower are all conserved. 
Savings are effected by limiting the area to be studied 
and by judiciously deploying men and equipment and guiding 
their activities by means of careful use of Skyl ab-deri ved 
data. Quality of geophysical data are enhanced by proper 
selection of sites and lines, 

Summa ry 

Skylab imagery is a new source of significant geologic 
information providing a basis for initial exploration 
efforts. It can serve as a lead tool in developing 
prospects by allowing rapid identification of anomalous 
or otherwise interesting areas. It forms an excellent 
basis for extending and extrapolating data acquired in 
specific areas and is an excellent base for plotting 
regional data from other sources. Skylab imagery provides 
new insights to prospects identified from other types of 
data and can rapidly resolve some of the ambiguities inherent 
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in seismic and subsurface methods of exploration. It can 
provide significant savings in time, money, and technical 
manpower when used in conjunction with conventional data 
sources to narrow options in exploration. Perhaps most 
important of all, Skylab data provide a new perspective 
for viewing and thinking about an exploration province. 



VI. COSTS AND BENEFITS 




PROGRAM COSTS AND BENEFITS 


It is easy to calculate the cost of this study. The cost 
of obtaining similar or equivalent information by more 
customary exploration means is difficult to estimate prin- 
cipally because there is a variety of options and hence 
prices available for obtaining reconnaissance data. In- 
deed, the types of data obtained by the two approaches 
are not precisley comparable. 


Difficulties in Cost Estimating: 

An oil company can obtain regional geophysical and com- 
parable geological data in any one of several ways. It 
can : 

1. Pay for the survey itself and have the data on 
a proprietary basis - expensive. 

2. Join a "group shoot" and pay for and obtain the 
data jointly with several other companies with 

a more limited period of exclusivity - less 
expensive. 

3. Wait until after reconnaissance surveys are 
run and then obtain the data essentially 
second hand when it has been released by the 
group who paid for the survey - least expen- 
sive and least timely. 


The second problem of estimating costs is that the types 
of information obtained from Skylab data and customary 
reconnaissance techniques basically are not comparable. 

The information obtained from interpretation of space- 
acquired imagery is new information, different in sign- 
ificant respects from information obtained from conven- 
tional sources. This is not to say that Skylab information 
is better or worse than conventional data, but that it 
complements, extends, refines, and integrates conventional 
data in new ways that can provide new insights and form 
the basis for revised interpretations. On the other hand, 
reconnaissance geologic field work and seismic and aero- 
magnetic surveys provide a great deal more detailed and 
quantitative data than is obtainable from space. One 
method of dealing with this problem is to attempt to esti- 
mate the costs of arriving at a particular common point 
in an exploration program with Skylab and wi t hout i ts data . 
The common point we have tentatively chosen for this 
comparison is the point at which one would begin detailed 
surface mapping and begin to plan detailed seismic surveys 
and geochemical surveys (if indicated). 
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A Cost Estimate: 

A program guided by interpretation of Skylab imagery would 
have to include the cost of air photo i nterpretati on , recon- 
naissance geology 5 and seismic work over anomalies identi- 
fied in the Skylab imagery in order to be comparable to 
the conventional program. For instance, we found approx- 
imately 110 anomalies with an average diameter of 6 km 
and a total area of about 3,000 sq km. On the basis of 
airphoto i nterpretat i on and field work one might choose 50 
of these on which to acquire seismic information. Acquisi- 
tion of a cross pattern of seismic lines over these anomalies 
would require about 600 line km of seismic work. The cost 
of the Skylab data is assumed to be small and is included 
in the cost of the interpretation. 

Using a customary approach to regional exploration probably 
would entail acquiring an airphoto interpretation and 
reconnaissance seismic coverage over the entire area. A 
reconnaissance seismic survey would require about 4,600 
line km of shooting (covering the 80,000 sq km area on a 
30 X 40 km grid). One probably would want to obtain a 
standard airphoto i nterpretation of the entire area. 

Anomalies located with regional seismic work and airphoto 
interpretations would be covered with a cross pattern of 
seismic lines. For purposes of comparison we assume that 
about the same number of anomalies would be examined in 
both programs. This would require an additional 600 line 
km of seismic survey. 

Both the conventional and Skyl ab-assi sted exploration 
programs probably would include reconnaissance aeromagnetic 
surveys and regional gravity surveys of the entire area. 
However, it is probable that the Skylab interpretation 
could reduce the amount of gravity data required. Both 
programs would include a review of available geologic 
information. 

In the conventional survey the reconnaissance seismic, and 
airphoto interpretation probably would be acquired on a 
non-exclusive basis. In the Skylab program the air photo 
interpretation over the Skylab anomalies probably would 
be acquired on an exclusive basis so as not to reveal one's 
intentions. The area examined by photo interpretation 
would be about twice that covered by the anomalies so as 
to'provide an interpretative context. In both surveys the 
seismic work over anomalies would almost certainly be 
acquired on an exclusive basis. Under this set of assump- 
tions (probable mode) the conventional program would cost 
about 1.4 million dollars and the Skylab program would 
cost approximately 0.8 million dollars. The Skylab program 
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would represent approximately a 40% savings over the con- 
ventional program. If a company were entering a relatively 
explored area the savings would not be as great because 
considerable second-hand geophysical data would be available 
at a significant cost savings. On the contrary, if a 
company were beginning exploration in a totally new area 
the cost of a conventional program would be considerably 
higher because little second-hand or “group shoot" data 
would be available, and the benefit ratio for the Skylab 
program would be considerably higher. Expenses involved 
in a conventional exploration program and a Skylab-based 
program are summarized in table lo. 


A. Conventional Prooram 

Non-£xc1us1ve 

Exclusive 

Probable Mode 
of AcQuisition 

Reconnaissance Seismic Sur- 
vey (4,600 Kilometers) 

$420,000* 

$5,520,000 

$ 420,000 

Air Photo Interpretation 
(80,000 Square Kilometers) 

64,000* 

200,000 

64,000 

Reconnaissance Surface 
Geology 

200,000 

200,000* 

200.000 

Seismic Survey Across 
Anomalies (600 Kilometers) 

50,400 

/20,000* 

720,000 

TOTAL 

$734,400 

$6,640,000 

$1,404,000 

B. SKYLAB Program 

Non-Exclusive 

Exclusive 

Probable Mode 
of Acauisition 

SKYLAB Interpretation 
Including Comparison to 
Air Photos 

$ 24,000 

S 24.000* 

$ 24,000 

Seismic Survey Across Anomal- 
ies (600 Kilometers) 

50,400 

720,000* 

720.000 

Air Photo Interpretation of 
Anomalies (6,000 Square Kilo- 
meters) 

4,800 

15,000* 

15,000 

Reconnaissance Surface Geology 
Over Anomalies (6,000 Square 
Kilometers) 21,000 

21,000* 

21,000 

TOTAL 

$100,200 

$ 780,000 

$ 780,000 

•Indicates probable mode of acquiring the data. 


Table iO Comparison of cost of a regional exploration program: 
A. Using conventional methods. B. Using SKYLAB data 
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other Possibilities: 

Table 10 represents only one of many possible permutations 
and combinations of types of data and ways in which the 
data in each program could be acquired. For instance, the 
kinds of data to be collected depend on the area to be 
studied and the experience of the exploration group conduct- 
ing the study. It is unlikely that all of the anomalies 
found in either program would be covered by seismic lines. 

A company could very well choose to examine only part of 
a basin in detail based on preliminary seismic work conduct- 
ed in either program or leasing conditions. Thus the prices 
of the two approaches may be nearly the same at one extreme. 
At the other extreme, the conventional approach would cost 
almost twice as much as the Skylab approach. The costs of 
both programs are most sensitive to the amount of seismic 
data acquired and to the basis on which it is acquired. 

Another possibility, difficult to evaluate, is that much 
exploration conducted by companies is based to some degree 
on prospects brought in by other groups. In this mode of 
operation time is of the essence. If the Skylab data are 
on hand in a desirable form, their contribution to a 
decision can be considerable. If the data are not readily 
available there is, of course, no contribution. It is 
difficult to estimate the dollar contribution of Skylab 
to such an intangible as a decision to proceed or not 
proceed with a prospect. 

The costs of individual elements of the program can also 
vary considerably. For example, field geology in all but 
the most s trai ghtforward , wel 1 -devel oped areas (good roads) 
would certainly cost considerably more without Skylab 
interpretations. The same is true of seismic surveys. 

Because the conventional program includes a larger proportion 
of both these elements, it is probable that under most cir- 
cumstances the cost ratios will be even more in favor of 
the Skylab approach than is indicated here. 

Time Savings: 

None of these comparisons takes account of the time saved 
using the Skylab approach either in terms of the technical 
and management time saved or in terms of the competitive 
edge gained through more rapid evaluation of the exploration 
province and accelerated decision making. Intuitively we 
feel these savings could be substantial but find no sound 
set of assumptions or methodology upon which to base an 
analysis. 
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Skylab Compared to Landsat: 

It is difficult to compare costs and benefits of Landsat 
and Skylab data. The higher resolution and stereo coverage 
of Skylab photos make Skylab better for most types of inter- 
pretations of interest in petroleum exploration. The 
nature of the Skylab data make it easier to relate to than 
Landsat data for most photoi nterpreters . We found that 
where good Skylab coverage exists the level of detail 
obtained by interpretation of a single coverage is somewhat 
better than that obtained from i nterpretat i on of four or 
more cloud free coverages of Landsat data even when obtained 
during two different seasons. On the other hand, the 
repeated coverage provided by Landsat does provide a sign- 
ificant advantage in terms of extractable data (by virtue 
of different illumination angles and climatic conditions) 
and in a higher probability that a particular area is 
covered by usable imagery. The Landsat swath widths and 
orbits provide complete coverage of the earth; whereas, 
Skylab's orbits and swaths leave major areas of the earth 
uncovered. Coverage is incomplete even in the U. S. 

If good Skylab data are available for a particular area, 
we believe that, if one were forced to choose, one should 
use Skylab rather than Landsat data and that there is a 
cost advantage over Landsat data. However, we believe 
that Skylab and Landsat data complement each other rather 
than substitute for one another and both should be used 
whenever this is feasible. 
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VII. APPENDICES 




APPENDIX A. 


BOPD 
CAOF 
EREP ' 
EVA 
ERTS 
IP 
IR 
JSC 

Lands at 

MCFGPD 

MSS 

NASA 

OPEC 

SDO 

S190A 

S190B 

S192 

USGS 


ABBREVIATIONS and SYMBOLS 
Barrels of Oil Per Day 

Calculated Absolute Open Flow (potential) 

Earth Resources Experiment Package 
Extra-Vehi cul ar Activity 

Earth Resources Technology Satellite (renamed Landsat) 

Initial Production 

Infrared 

Lyndon B. Johnson Space Center, Houston, Texas 
A series of earth resources survey satellites. 

Formerly named ERTS. 

Thousand Cubic Feet of Gas Per Day 

Mul ti spectral Scanner aboard Landsat (ERTS) 

National Aeronautics and Space Administration 
Organization of Petroleum Exporting Countries 
Scientific Data Output (digital tape channel) 

Skylab mul ti spectral camera system 
Skylab high resolution (Earth Terrain) Camera 
Skylab mul ti spectral scanner 
U. S. Geological Survey 


oil well Permian Stratigraphy 

gas well pec Elk City 

Pdy Doxey 

proposed well location Pcc Cloud Chief 

Prs Rush Springs 

dry & abandoned hole Pm Marlow 

Pdc Dog Creek 
Pb Blaine 
Pf Flowerpot 
Pd Duncan 
Ph Hennessey 
Pg Garber 
Pw Wellington 
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APPENDIX B. 

GENERALIZED STRATIGRAPHY, ANADARKO BASIN 



brlan and Cambrian (pre-€, €) sedimentary 
and igneous rocks, pre-Pennsylvanian 
(pre-P) mio geosynclinal rocks, Pennsylvan- 
ian (P) clastic sedimentary rocks deposited 
during orogenic downwarp of the basin and 
uplift of the Wichita-Amarillo Mountain 
system, and Permian (P) late stage basin 
fill composed of red beds and evaporites . 

A thin cover of Tertiary rocks (T) 
occurs in the western part of the basin. 
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APPENDIX C. 


IMAGERY and DIGITAL TAPES 
SUPPLIED by NASA 

SKYLAB Imagery 


Format 


Sensor 

Mission 

Date 

Track 

Pass 

Roll 


Frame 

70 mm 5 '' 

9” 

Trans. Other 

S190A 

2 

6 -n-73 

48 

8 

13-18 


025-033 

X 

X 

X 

S190A 

3 

8 - 4-73 

48 

13 

19-24 


111-113 

X 

X 

X 

S190A 

4 

12- 2-73 

48 

56 

51 ,52 


175-182 

X 

X 

X 






51 (IR) 


175-182 

X 

X 

X 






52(Red) 


175-182 

X 

X 

X 






52( Green) 


175-182 

X 

X 

X 

ST90A 

4 

1 -11-74 

1 

81 

61-66 


280-282 

X 

X 

X (63,64 9“only) 

S190A 

4 

1 -30-74 

48 

96 

A1 , A2 


192-196 

X 

X 

X 






A5, A6 


192-196 

X 

X 

X 

S190B 

3 

8 - 4-73 

48 

13 

83 


043-046 

X 

X 

X (18" tr.^prt.) 
X 

S190B 

4 

12- 2-73 

48 

56 

90 


141-152 

X 

X 

SI 90B 

4 

1 -11-74 

58 

81 

92 


040-045 

X 

X 

X 

S190B 

4 

1 -30-74 

48 

96 

94 


172-175 

X 

X 

X 

S192 

2 

6 -11-73 

48 

8 


GMT 

1518:05-1518:14 

5" 

trans . 

SI 92 

4 

12- 2-73 

48 

56 


GMT 

1644:46-1645:44 

5” 

trans . 

S192 

4 

1 -11-74 

58 

81 


GMT 

1734:04-1734:46 

5" 

trans . 

S192 

4 

1 -27-74 

2 

92 


GMT 

1225:36-1228:20 

5“ 

trans . 


SKYLAB Digital Tapes 



Sensor 
SI 92 
S192 
S192 
SI 92 

SI 92 


JSC Accession No. 

32-02186+'87 

32-12282+'83 

32-12473+'74 

34-12421 
thru 12430 


Channels 


1 ,3,5,7,9,11 ,13,17-22 
1-8,11 ,12,15,16,20-22 


34-12598 All 

thru 12608 


S193 

32-02677 

NA 


thru 02679 


S193 

33-12236 

NA 


thru 12239 


SI 93 

33-22851+*52 

NA 

S193 

34-934112 

NA 




NASA Aircraft Coverage 


Sensor 

Film 

Fi 1 ter 

Frames 

Mission 

APQ/97 

NA 

NA 

NA 

83W 

RS-14 

NA 

NA 

NA 

105 

RC-8-1 

SO-397 

? 

5216-5391 

105 

KA-62D 

SO-246 

89b 

7452-7550 

105 

RC-8 

2448 

? 

6615-6751 

106 

RC-8 

SO-117 

? 

6955-7091 

106 

Hassel blad 

3400 

47, 2e 

23-116 

106 

Has sel bl ad 

SO-368 

? 

23-118 

106 

RC-8 

SO-397 

2.2AV.2A 

003-131 

236 

RC-8 

2443 

AV, 510nm 

003-131 

236 

Zeiss 

2443 

515 nm 

003-249 

236 

Hassel bl ad 

2402 

25 

002-070 

236 

n 

2402 

57 

It II 

236 

II 

2424 

89B 

II II 

236 

II 

2443 

12,CC,30B 

II II 

236 

II 

2424 

87 

M II 

236 



Landsat (CRTS) 

Imagery 



Frame Format Bands 


1347-16462 

1384-16514 

1401-16453 

1508-16383 


9" B/W.Color 

(I II II 


II II 


MSS 4, 5, 6, 7 

II 


II 


II 


II 


II 


II 



APPENDIX D 


SKYLAB SENSORS * 





tITV 


Provide high-resolution photographic references for data from all other sensors 


Assist in selection & tracking for multispectral photographic facility & 
infrared spectrometer 

Record targets selected by viewfinder tracker 

Provide data to evaluate sensing from space in two wavelength bands 

Provide data to remove atmospheric effects from multispectral scanner data & 
evaluate its test sites 


Provide data received at same frequencies by multispectral photographic facility for 
spectral pattern recognition a discrimination studies a for comparison with results 
of photointerpretation 


Provide dielectric properties of sites recorded by other sensors to 
enhance data interpretation 


Provide dielectric properties of sites recorded by other sensors & 
permit correction for atmospheric water-vapor effects on microwave 
radiometer, scatterometer, & altimeter data 


Provide imagery to supplement data from other sensors 
Photograph targets of opportunity 


a. Functional Interrelationships 


Multispectral Photographic Facility 


Infrared Spectrometer 


— Multispectral Scanner 


U 

0.2 


.1, . I I I I-.LI..I 


JL 


J I J I l.i.l. 


-ff- 


Microwave Radiometer, 
Scatterometer & Altimeter 


I ■ I H 


- U-Band Microwave 
Radiometer 

I I 1 I 1 1-1 I 1 


0.4 0.6 1,0 2.0 4.0 6.0 10.0 2.0 4.0 6.0 10.0 20.0 40.0 60.0 100.0 

wavelength, micrometers wavelength, centimeters 

b. Spectral Interrelationships 

Earth Resources Experiment Package Sensor Interrelationships 
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SI90A Multispectral Cameras 


MultUpcctrat Camera Station Characteristics and Film Rolls Used 


5U 

Fittar 

Filter 

Bandpass, 

micromettr 

FilmTypa* 

Estimated 

Million 4r Roll No. 




RetolutionTTr 
fiat (metersi 

SL-2t 

SU-3 

SL4 

1 

CC 

0.7 -0.3 

EK2424 
(B&W infrared! 

240-260 

(73-79) 

01 .07,13 

13.25,31. 

37,43 

49 ,55,61, 
67,73, A1, 18 

2 

GO 

0.3 -0.9 

SK2424 
(B&W infrared) 

240-260 

(73-79) 

02.08,14 

20,26,32. 

38.44 

SO ,56,62, 
68,74, A2.2B 

3 

EE 

0.5-0.88 

EK2443 
(cqI or infrared! 

240 - 260 
(73-79) 

03,09,15 

21.27.33, 

39,45 

SI .57,63, 
69,75, A3.39 

4 

FF 

0.4 -0.7 

SO-356 

(hi-resofuti on color! 

130-150 

(40-46) 

04,10,16 

22.28,34, 

40,46 

52 ,68,64,70 
76,A4,4B 

5 

SB 

0.6 -17 

SO-022 

(PANATOMIC-X B&W! 

100-125 

(30-38) 

05,11,17 

23,29.35, 

’41,47 

53 .69,65, 
71,77, A6.6 8 

6 

AA 

0.5 -0.6 

SO-022 

(PANATOMlC-X B&W! 

130-150 

(40-46) 

06,12,18 

24.30.36, 

42.48 

54 .60,66, 
72,78.A6,68 


* ijstmaflKodali Comoar>v 
t SU'l wMth«lauflcho/5tivl«bwifhOut6r«w. 

rt At eantrttt 


MuUixpectral Camera Data Products 






Produen 


Scaia* 

Imagt Sizt, 
inch (cm( 

Enlaratmant 

Slack and Whita 
Transparency Print 

Color 

Transparency 

Print 

1:3,850,000 

2.25 X 2,25 
(5.72 X 6.72) 

1.00X 

Poiitiwe 

Neoalivt 

None 

Ptjsitivef 

None 

1:1,000,000 

6.41 X 6.41 
(16.29 X 16.29) 

2.85X 

Poiicive 

Negative 

Poiitive 

Positive 

Potia've 

It 500,000 

12.83 X 12.83 
(32.50 X 32.50) 

5.70X 

Positive 

Positive 

None 

Positive 

1: 250,000 

25.65 X 25.65 
(65.15x65.15) 

11.40X 

Poiitive 

Positive 

None 

Positive 


* S6*4m ar# nominali axact icatt printed wilt oe tupolied w*t^ tti* pnotoe. 


S190B High Resolution Camera 


Earth Terrain Camera Film Characteristics and Rolls Used 




Fitter 

Estimated 

Ground 

Mission 8i Roll No. 

Film Type* 

Wratttn 

Filter 

BandpiiSe 

micrometer 

Resoiutiontt, 
feat (meters) 

SL-2 

SU-3 

SL-4 

SO-242 

(hi-reiolution color) 

nent 

0 
lb 

1 

o 

70 (21) 

81 

83,84, 

86,83 

90,91, 

92,94 

EK3414 

fhiKlafinition 8&W) 

12T 

O.S-0.7 

55 (17) 

82 

86 

89 

€K 3443 fSL-2 2t SL-3] 
(Infrared color) 

12 

0.5 - 0.88 

100 (30) 

- 

87 


SO-131 ISL-4) 

(hi-resolution infrared color) 

12 

0.5-0.83 

75 (23) 

- 

— 
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• laitman Kodak Company 
t **Minwtblu«'* fitttf 
tt at tOM oomfHt 


Earth Terrain Camera I?afa Pro<iuc^5 


Sola* 

Image SIzee 
Inch (cm) 

Enlargement 

Products 

Black arxJ Whits Color 

Transparency Print Transparency 

Print 

1:950,000 

4.50 X 4.50 
(11.43 X 11.43) 

1.0X 

Positive 

Negative 

None 

Positivet 

Poiitive 

1:500,000 

8.55 X 8.55 
(21.72 x21,72) 

19X 

None 

Poiitive 

None 

Positive 

1:250,000 

17.10 X 17.10 
(43.43 X 43.431 

3.8X 

None 

Poiitive 

None 

Positive 

1:125.(XK3 

34.20 X 34.20 
(86.87 X SG.S7) 

7.6X 

None 

Poiitive 

None 

Positive 


$<alM nominal, aaaei le ala at printod will ^a lupoUad wun tha pnotoi. 
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192 Multispectral Scanner 


id No. 

Wavelength, 

micrometers 

1 

0.41 - 

0.45 

2 

0.44 - 

0.52 

3 

0.49 - 

0.56 

4 

0.53- 

0.61 

5 

0.59- 

0.67 

6 

0.64 - 

0.76 

7 

0.75- 

0.90 

S 

0.90- 

1.08 

9 

1.00- 

1.24 

10 

1.10- 

1.35 

11 

1.48- 

1.85 

12 

2.00 - 

2.43 

13 

10.20 - 

12.50 


ORIGINAL PAGE IS 
OF POOR QUALITY 


The 0.1S2-milliradian field of view of each 
detector provided an instantaiieous square 
ground coverage of 260 feet (79 meters), 
swept in a conical scan as shown in Figure 14. 
Although the scan assembly rotated a full 360 
degi'ees, only the forward 110 degi'ees were 
used to obtain data. The corresponding sweep 
angle viewed from the sensor was 10.4 de- 
grees, which provided a ground swath width 
of 40 nautical miles (74 kilometers). 

Data from the multispectral scanner con- 
sist of computer-compatible tapes of raw 
or calibrated data with ancillary information 
such as tape format descriptions, calibration 
data, data-acquisition chai'acteristics like time, 
spacecraft attitude, field of view, etc. 


Selected data are processed to produce 5-inch 
(12.7 -centimeter) film images from radio- 
metrically corrected data. This imagei 7 is in 
the form of black-and-white screening film for 
.selected bands, color composites from up 
to three bands, or false color based on 
amplitude ranges from a single band. The 
latter is the equivalent of a density-sliced 
photographic image. 
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SI93 Microwave Radiometer/ Scatterometer 


From radiometer measurements, the bright- 
ness temperature of the earth’s surface within 
the field of view (1.6-degree half power) was 
determined as a function of incidence angle 
from surface normal to 48 degrees in the 
frequency range from 13.8 to 14 gigahertz. 
The mean value of the eai'th’s thermal noise 
.signal was determined by .sufficiently long 
observations. The measured energy, converted 
to brightnc.ss temperature, was compared to 
the mean noise energy from two known 
internal temperature sources to yield an accu- 
rate proportional measurement of the earth’s 
microwave emission within the instrument’s 
field of view. Calibration was provided by 
comparing the measurement with two internal 
noise temperature sources. 

The scatterometer measured the backscat- 
tering of radiation from the eiu-th at 13.9 
gigahertz as a function of incidence angles 
from 0 (vertical) to 48 degi’ces. The calculated 
scattering coefficient wiis related to the 
rougliness and dielectric properties of the 
surface viewed. A number of measurements of 
the scattered return .signal (which looks like 
thermal noise) and receiver noise were taken 
and integrated to obtain an accurate measure- 


ment of average return power from which the 
backscattering coefficient was calculated. By 
operating the radiometer and scatterometer 
concurrently, collections of paired values of 
the backscattering coefficient and apparent 
blackbody temperature for each surface meas- 
urement permitted separation of emissivity 
effects from reflectivity effects. 

Data from the microwave radiometer and 
scatterometer consist of computer-compatible 
tapes of raw and processed data, including 
radiometer antenna temperature and scatter- 
ometer backscattering coefficients con'clated 
with Greenwich Mean Time. Computer-com- 
patible tapes of altimeter raw and processed 
data include a time history of automatic 
gain-control power, range measurements, and 
return -pulse shape information correlated 
with Greenwich Mean Time. Ancillary infor- 
mation includes tape format description, sen- 
sor data-acquisition charactensUcs like center 
of sensor field of view, and spacecraft attitude 
and velocity. 
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APPENDIX E. 


SKYLAB TECHNICAL INFORMATION 


SKYLAB PROGRAM Earth Resources Experiment Package: 
Sensor Performance Evaluation (1975) 

Final Report MSC-05546 

NASA, Johnson Space Center, Houston, Texas 
Volume I (S190A) 

III (S192) 

IV (S193 R/S) 

VII (S190B) 

SKYLAB PROGRAM Earth Resources Experiment Package: 

Sensor Performance Report (1974) 

Final Report MSC-05528 

NASA, Johnson Space Center, Houston, Texas 
Volume I (S190A) 

III (S192) 

IV (5193 R/S) 

VII (S190B) 

SKYLAB Earth Resources Data Catalogue (1975) 
Publication JSC 09016 

NASA, Johnson Space Center, Houston, Texas 
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